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NEW INDICATION: 


Parenteral 


relieves bursitis pain 
over 90% cases’ 
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and report: 


“Intravenous Priscoline gave 
excellent good results over 
90% our cases.” 


“Priscoline hydrochloride intra- 
venously effective agent 
the treatment acute and 
recurrent acute subdeltoid bursitis.” 


The 150 patients this study 
were given ml. (25 mg.) 
Priscoline, intravenous injection, 
daily from days. Excellent 
results (relief gained immediately 
within hours; painless 
rotation arm) were achieved 
patients. Good results (no 
sedation required; partial 
movement arm without discom- 
fort) were obtained patients. 
Eleven patients had relief. 


Patients’ ages ranged from 
years. Calcification was 
present varying degrees 
cases. Sixty-nine patients 
reported previous attacks and 
had been treated unsuccessfully 
with X-ray, hydrocortisone 

and other agents. 


The authors the 
sympatholytic action 
Priscoline which relieves pain 
chemical sympathetic block. 
Further, may, through 
its vasodilating ability, promote 
the transport calcium 

away from the bursa.” 


“We can especially recommend 
its use cases where X-ray 
therapy local injection 

hydrocortisone has failed.” 


1. Frankel, C. J., and Strider, D.V.: 
Presented at Meeting of American 
Academy of Orthopaedic Surgeons, 
New York, N.Y., Feb. 3, 1958. 


SUPPLIED: MULTIPLE-DOSE VIALS, 
10 mi., 25 mg. per mi. 

Also available: TABLETS, 25 mg.; 
ELIxir, 25 mg. per 4-ml. teaspoon. 
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WHEN BLOOD PRESSURE MUST COME DOWN... 


When hypertensive symptoms such dizziness, 
headache and fainting are frequent enough and 
severe enough interfere with your patient’s activ- 
ity and safety—then time consider the bene- 
ficial actions Serpasil-Apresoline. Both Serpasil 
and Apresoline lower blood pressure. When the 
Serpasil-Apresoline combination tablet prescribed, 
blood pressure response even better. addition, 
Serpasil contributes favorable calming 
slowing effects. Apresoline increases renal blood 


i 


{ 


flow, decreases cerebral vascular resistance and in- 
hibits the actions humoral pressor agents. Com- 
bined with Serpasil, Apresoline effective lower 
dosage, thus side effects are rarely serious problem. 


supPLIED: Tablets #2 (standard-strength), each containing 0.2 mg. of Ser- 
pasil and 50 mg. of Apresoline. Tablets #1 (half-strength), each containing 
0.1 mg. of Serpasil and 25 mg. of Apresoline. Samples available on request. 


hydrochloride 
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Editorial 
Survey Cardiac Electrophysiology 


UNDERSTANDING the electric 
properties and behavior the cellular 
aggregates the heart, and the projection 
their effects through body tissues the sur- 
face the organism has yielded complex 
body information that the sum total 
labors contributed physiologists, physical 
chemists, biophysicists, electrical engineers, 
and clinical investigators. apparent that 
the factual observations and the theoretical 
analysis derived therefrom are likely re- 
place considerable degree the empirical 
approach clinical 
This brief review intends scan superficially 
some basic advances made recent years. 
seems reasonable single out investigative 
areas general interest this field. 


The Significance Transcellular Potential 
Gradients 


The recording intracellular events 
microelectrodes has yielded information simi- 
lar and purely qualitative sense may 
considered extension the previously 
reported analyses injury ef- 
fects. The true intracellular placement 
electrode, however, has allowed more precise 
analysis the events associated with excita- 
tion and recovery and has provided with 
new approach. Much this information 
has been descriptive kind and the theo- 
retical interpretations have largely been trans- 
lations the neurophysiologists’ 


From the Department Medicine, University 
Utah College Medicine, Salt Lake City, Utah. 


nerve action. The structural complexity 
the myocardial fiber revealed, for instance, 
the electron microscope suggests that per- 
haps the single membrane bar- 
rier electrolyte transport might not 
sufficiently broad encompass the possible 
interaction microscopic and 
structures. 

appears that the newer anatomic studies 
will have considerable bearing further 
interpretations the nature the electrical 
events fibers. Electron microscopic 
studies have now demonstrated the cellular 
architecture muscle and seemed 
have answered the long controversy the 
syneytial nature the heart. The myocar- 
dium now considered composed individ- 
ual cells joined end end the 
These are double membranes placed 
crosswise the fiber but continuous with the 
sheath fibril. Such 
studies have also demonstrated the presence 
many additional ‘‘membranes’’: double 
layers which enclose the nucleus, the 
somes (mitochondria), and possibly other sub- 
cellular structures. The contractile myofibrils 
within the cell are intimate contact with 
canal-like interspaces lined membranes and 
filled with They have 
been considered act ‘‘intracellular 
system’’ with access the extra- 
facilitating excitation and allow- 
ing for both longitudinal and lateral 
tion. The myofibrils themselves extend 
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the entire cell from one disk 
the next. Their point insertion there gives 
this region special significance, particularly 
since the disk regions have been shown pos- 
sess considerable metabolic The 
and resistance such boundary 
should interest, and the spread exci- 
tation across (perhaps saltatory fashion) 
raises number speculative possibilities. 

view these intracellular complexities 
the observation electrical alternans from 
one cell the presence complete dysrhyth- 
mia within fiber ventricular fibrillation, 
though not explained, becomes less puzzling. 
Obviously, the recording potentials from 
somewhere within this complex system yields 
data that one cannot simply relate the 
events occurring simple membrane the 
kind that Bernstein visualized. multiple 
steplike process, much more closely related 
seems somewhat more 

There good agreement, however, between 
experimental data all excitable tissues 
studied, including the heart, and 
made many years ago the magnitude 
potentials which were based upon 
the concept diffusion potentials liquid 
boundaries. This suggests strongly that un- 
equal diffusion electrolytes may indeed 
play important role the maintenance 
resting steady state within 
Whether the recorded potential gradient 
the result shifts its cause less 
than the observations that the pres- 
ence interdependent ionic fluxes which may 
implicated the general processes ex- 
citation appears hold for muscle 
well, though form modified yet un- 
that tissue. 

example, the direct dependence 
resting potential extracellular po- 
tassium concentration, well demonstrated for 
nerve fibers and other cannot dem- 
onstrated easily for cardiac 
other tissues, the establishment positive 
intracellular Na* balance the height 
excitation, and subsequent movement this 
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ion against the electrochemical gradient, im- 
plies the intracellular formation meta- 
bolic Its presence 
needed explain the strong outward sodium 
current that initiates return the steady 
resting state based circumstantial evi- 
dence but required our present under- 
retained. Changes permeability with mo- 
lecular rearrangement the membrane 
membranes, ionic flux, and metabolic activity 
forming pump are all interde- 
pendent. They result net electric current, 
the sum the individual ionic fluxes multi- 
plied their charge number. seems 
obvious that further insight into these com- 
plex mechanisms will advance our under- 
standing basic properties such 
pacemaker function, excitability, and refrac- 
toriness, and will redirect our interpretation 
the action agents into 
terms molecular and interactions. 

The sodium pump not peculiar excita- 
tory tissues alone. Transcellular potentials 
renal cells have been measured, and the 
need sodium pump for active transport 
Na* from peritubular fluid and 
consequence inward movement from 
the proximal and distal tubules into the cells 
has been the distal tubules 
additional coupled ionic pump which re- 
absorbs sodium exchange for hydrogen 
potassium has been implied. en- 
zymes are vital such sodium transport sys- 
tems and are inactivated mercurial diure- 
ties, which thus interfere with the operation 
the sodium pump. Here example 
the overlapping biologic interests with 
answers likely appear from unexpected 
corners. 

Several mathematical expressions are avail- 
able that define external potentials the cell 
surface well the summed potential all 
cells terms membrane currents 
using differential equations part based 
the theory transmission currents 
through general, one can state that 
the surface potentials heart submerged 
volume conductor are proportional the 
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second derivative the sum all transcellu- 
lar currents, and that turn the configura- 
tion, though not the magnitude, the cellular 
potential-time sequence can predicted from 
surface These are the first halting 
steps very much needed correlation. When 
further these experimentally observed 
interrelationships amplify some the theo- 
the wave and connect 
directly with the notion the ventricular 
gradient. Differences the length the 
excitatory period upon which the gradient con- 
cept based have now been demonstrated 
the cellular level. Changes sign are 
likely determined such differences, 
while the magnitude this deflection appears 
potential from the excited the 
resting steady state condition. 


The Equivalent Dipole and the Dipole 
Moment 


conducting medium, the potential dif- 
ference existing the between 
resting and excited fibers may expressed 
electric dipole with positive source 
and negative sink. Such ‘‘doub- 
must considered singularity—source 
and sink cannot treated 
causes electric field throughout the me- 
dium that surrounds the muscle, its 
strength proportional the polarization 
the fiber. The strength termed the 
moment’’ and characterizes the doublet. 
the product charge times the distance be- 
tween source and sink. The apparent move- 
ment this doublet from cell, 
changes fiber permeability, reflected 
change the surrounding field, 
which turn may traced the path 
the action potential. Its successive arrival 
various points the myocardium and there- 
fore the path the can re- 
corded small contiguous bipolar electrodes, 
the so-called electrode 
technie Lewis. Both methods give 
parable results. The former 
arrival the impulse subjacent the elec- 


tion, and may considered represent 
accurately the onset local excitatory proc- 
lead more easily subjected influences 
remote areas, and therefore when the types 
intrinsic deflections are compared, differ- 
ences between them may become apparent. 
spite the apparent superiority bipolar 
recordings, the unipolar intrinsic deflection 
has served remarkably well the past at- 
tempts map grossly the time action course 
excitation through and over cardiae mus- 
culature. However, since the onset the 
unipolar deflection does not always 
coincide with the arrival the impulse under- 
neath the exploring electrode, the use the 
deflection precordial leads 
has little more than value, and may 
largely taken vectorial representation 
excitation produced large muscle seg- 
ments. 

The doublet concept excitation indi- 
vidual fibers may expanded, leading the 
experimental approach whereby the sum 
individual electromotive arising 
within the fibers may considered 
single equivalent dipole- for each instance 
time. Essentially this approach originated 
with Einthoven’s concept ‘‘manifest’’ po- 
tentials, size and magnitudes which eal- 
culated for the frontal plane from their 
torial representation the chest. 
powerful intellectual device, which has been 
expanded and refined, and has led various 
Its validity man and appropriate models 
has been claimed irrefutable the so-called 
technic, whereby exact mirror 


images obtained over opposite areas the 


chest are cancelled appropriate bridge cir- 
obtained with artificial di- 
poles placed models and cadavers have 
yielded large body information support 
the heart vector concept the only aceu- 
rate approach certain theoretical and 
gram. the extent that cancellation in- 
complete, the single equivalent dipole concept 
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not fully applicable perhaps several dipoles 
might considered, and the use special 
selective exploratory chest leads should find 
their usefulness under those 
Evidence has been presented that this situa- 
tion more likely abnormal hearts 
than subjects without cardiac 
The orientation and magnitude single 
resultant dipole the heart 
from appropriate surface leads turn. 
mathematical treatment and limited experi- 
mental observations the strength the 
dipole moment itself existing between the 
equivalent source and sink are available. 
not surprising that this value 
the lumped dipole source directly propor- 
tional the total muscle mass the 
This area research, al- 
ways explosive field, has recently entered 
new phase: addition the possibility that 
the surface records cannot under all cireum- 
stances expressed the manifestation 
single dipole, there now some doubt that 
mirror patterns and can even 
considered proof for the equivalent heart 
dipole ugly specter for those in- 
terested creating intellectual order from 
exceedingly complex biophysical system. 


The Spread Excitation through Cardiac 
Tissue 


elaborate mapping the time course 
the onset excitation through the heart, par- 
ticularly over the ventricular musculature 
(QRS), has supported many the earlier 
measurements Lewis and Wilson. gen- 
eral, the spread normal (perpendicular) 
endocardial surface. Since the spread 
excitation over fiber likely length- 
wise, however, rather than across, more 
complex picture needed supplement state- 
ments the general order transmural 
excitation. The assumption interlacing 
network islets separately excited more 
less deeply penetrating Purkinje fibers, 
even causing reversal the ex- 
citatory spread within the myocardium, seems 
now well supported. Longitudinal spread, 
contrasted excitation from within outward, 
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has been demonstrated for papillary muscle, 
part the septum, and for hypertrophied 
muscle over segments the ventricular out- 
flow tract. Such separation into various 
units, which are depolarized independently, 
may cause the emergence the excitatory 
process the epicardial surface over several 
areas simultaneously, and for short distances 
longitudinal spread may here well. 
This appears more than modification 
the earlier observations Lewis, although 
Schaefer’s epicardial source-point analysis, 
departs fairly drastically from 
the 

The process recovery does not lend itself 
easily such segmental analysis. The 
first major departure from purely empirical 
descriptions the wave was introduced 
the demonstration that the measurements 
the mean, e.g., two dimensional time integrated, 
direction electromotive forces the heart 
yielded information the rate recovery. 
the duration the excitatory state iden- 
tical throughout the ventricular musculature, 
the externally measured action potential in- 
tegrates zero over the full cardiac cycle, and 
consequently lack uniformity the dura- 
tion the excitatory state produces residual 
electric that are reflected certain 
changes the Cellular poten- 
tials have tended confirm this concept and 
have added the need for some additional 
siderations: (a) several, apparently metabolic, 
steps are involved the recovery process, 
and (b) uniform changes the rate re- 
covery should alter the surface wave, inde- 
pendent the differences the duration 
the excitatory processes. Recovery has been 
assumed follow excitation consequence 
the interior mechanisms the fiber. 
phenomenon has recently been redis- 
covered which appears that repolariza- 
tion can also induced externally anodal 


cardiac segment may act anode, 
possible visualize recovery propagated 
process. The significance these observations 
needs determined, but obvious that 
further analysis the time sequence 
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transcellular potential gradients might well 
provide new information the nature 
T-wave changes. 


The Analysis Surface Leads 


The surface representation the electric 
activity the heart influenced the elec- 
tric characteristics body tissues and the 
effect finite boundary, the chest wall. 
rounding the heart appear relatively 
inconsequential except for the presence low 
resistance conductivity) existing 
within the chambers the heart itself. This 
factor, attributed shunting action the 
blood within the heart, tends decrease the 
external surface potentials, and its effect 
should magnified under certain pathologic 
conditions. may also tend concentrate 
the electric field within the heart, thus 
strengthening the concept equivalent 
dipole. 

The effects the wall the dis- 
tribution potentials surface 
have not been fully analyzed, but detailed 
treatment for relatively simple geometric 
boundaries available and offers solution 
the ‘‘image system’’ proposed for electric 
networks many years more precise 
3-dimensional solution appears extremely la- 
borious but needed one evaluate the 
details surface potentials, although the 
cept lead vectors now developed inde- 
pendent such influences. With the 
tion the position the zero potential line, 
which finite medium not located the 
transverse axis the true dipole, unlikely 
that body inhomogeneity and boundary effect 
invalidate the general derived 
from studies that considered the tissues sur- 
rounding the heart homogeneous 
boundary infinite. 

The magnitude and spatial direction the 
equivalent dipole heart vector for each in- 
stance time can, course, like any other 
vector force expressed terms its three 
orthogonal components. Any the three com- 
ponents will influence surface lead, depend- 
ing its spatial orientation with respect 


these components, times coefficient that de- 
the reaction the lead the 
vector and that involves the external 
modifying factors mentioned above. These 
coefficients may turn considered compo- 
nents another vector force, the lead vector. 
The performance given lead 
fully the product the lead vector and 
the vector that represents the equivalent di- 
pole the Considerations this 
kind have led the truly or- 
thogonal lead systems, which have been de- 
veloped either the use model experiments 
with artificial the lead-field 
which allows the prediction ortho- 
gonal leads through the use hydraulic 
analog based Helmholtz’ reciprocity theo- 
The painstaking and laborious efforts 
directed toward these ends many investiga- 
tors have resulted several ‘‘orthogonal sys- 
are almost interchangeable clinical stand- 
ards. These analyses explain the incongruities 
the present popular 
graphie 

The concept which assumes that the 
events during the cardiae 
represented single dipole, and that 
its magnitude and direction can analyzed 
from surface records, has relegated the uni- 
polar precordial leads into position similar 
the extremity leads. The single dipole 
extremely useful tool, but still 
represents does not ap- 
pear generally applicable under all 
stances and the extent that invalid 
are the systems vector 
that are squarely based upon it. seems 
reasonable, moreover, from the general equa- 
tion describing the potential variations 
spherical conductor, well from the lead- 
field concept that certain precordial leads 
certain parts precordial record are more 
sensitive voltages generated close prox- 
imity such leads than those arising 
distance from it. the case multiple 
dipoles, anterior chest leads may essential 
order obtain reasonably complete sur- 
face analysis events. The use 
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supplementary leads this kind, useful 
electrocardiography, appears jus- 
tified grounds. 
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For all the fibers the walls and the inclosure are they are 
Sphincter, but those which are the tendons stretched out length, are crooked; 
comes pass that when all the fibers are contracted, happens that the top brought 
the bottom the tendons, and the walls are inclosed round, and the heart 
contracted every way, and the ventricles strengthned. Wherefore since the action 
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Fibrinolytic (Plasmin) Therapy Experimental Coronary 
Thrombi with Alteration the Evolution 
Infarction 


AND JoHN M.D. 


explore the possibilities therapy coronary thrombosis, experimental 
studies were carried out document lysis coronary thrombi and investigate the 


effect blood upon myocardial infarction. 


Serum-induced coronary thrombi 


were produced new technic and were followed serial coronary arteriography. 
Control animals were compared animals which significant fibrinolytic activity had 


been induced infusions plasmin. 
may change the evolution early infarction. 


Tissue studies suggest that plasmin 
Whether these changes will ultimately 


result salvage tissue will determined studies now progress. 


ESTORATION coronary circulation 

dissolution obstructing throm- 
bus change the clinical course myo- 
cardial Human plasmin (fibrin- 
olysin) enzyme that has been shown 
effective the dissolution clots 
peripheral data relative the 
action plasmin experimental clinical 
coronary thrombi have been reported. 

this first report the method producing 
intracoronary thrombi dogs and docu- 
menting their presence and size direct 
serial arteriography will will 
shown these same objective criteria that 
these thrombi can lysed plasmin (fibri- 
nolysin) adequate dosage. The effect 
the state and restoration coro- 
nary blood flow upon the histologic structure 
early will discussed. 


AND MATERIALS 


Adult mongrel dogs weighing Kg. were 
anesthetized with intravenous sodium pentobarbital 


From the Clotting Mechanism Section the Divi- 
sion Metabolism and Enzyme Studies, Sloan-Ketter- 
ing Division Cornell University Medical College 
and the Department Cardiology, Memorial Center, 
New York. 

Supported Grants H-2867 and C-2009 the 
National Institutes Health, Bethesda, Md. 

Presented part the Session the 
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mg./Kg.) and placed right lateral posi- 
tion the operating table. was main- 
tained Harvard respirator pump through 
endotracheal tube with tidal volume 150 
300 ml. rate per minute. The heart was 
exposed precordial fenestration, which included 
resection rib segments (fig. The peri- 
cardial was opened and sutured the margins 
the thoracotomy opening. Cyanosis and over- 
breathing with respiratory alkalosis were avoided 
adjusting the tidal volume for each animal 
maintain the blood 7.2 7.35. The heart 
action was kept under continuous electrocardio- 
lation other paroxysmal arrhythmias, prema- 
ture contractions were treated with 100 mg. 
procaine amide intravenously, and mEq. 
potassium chloride was added the intravenous 
intracoronary infusion. Drying the heart 
surface was minimized saline irrigation and 
covering the chest opening with transparent 
sheet. 

tiny proximal side branch the left anterior 
descending coronary artery was dissected free and 
no. 160 polyethylene catheter inserted into it. 
Slow infusion per cent glucose solution 
saline with constant infusion 
patency this system hours and per- 
mitted serial coronary arteriography through this 
catheter. Delineation the coronary tree was 
obtained injection radiopaque mixture 
per cent sodium diatrizoate (Hypaque) and 
whole blood ratio Admixture blood 
was found necessary prevent ventricular fibrilla- 
tion. Two four milliliters these 
mixtures were required for visualiza- 
tion these vessels. Complete the 
coronary arteries prior shown 
the arteriogram figure 
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ARTERIAL 
INFUSION 


THROMBUS 


METAL 
MARKER 


Fic. Fenestration method for the production 
thrombi and serial coronary 
arteriography. medium-sized coronary artery 
thrombus wedged into stenosing liga- 
ture (indicated radiopaque metal marker). 


Coronary thrombi were produced consistently 
segment coronary artery. The distal end 
this segment was narrowed stenosing ligature, 
indicated radiopaque metal marker, prevent 
slipping the clots formed. The control 
arteriograms revealed that these ligatures merely 
narrowed and did not totally the artery 
(fig. arterial segment was 
tween clamps for minutes. Bulging intra- 
coronary clots were formed within minutes 
this isolated segment after rapid intraluminal 
injection mixture blood and freshly pre- 
pared serum from the operated animal ratio 
approximately 0.5 ml. serum ml. 
freshly drawn blood. The clotting time this 
mixture was tested vitro prior injection. 
Admixture serum was found reduce the Lee- 
produce large clots consistently, was found 
necessary prevent escape injected material 
prior clotting clamping the finest side 
branches originating from the segment. 
This modification the method 
resulted firm thrombi with varying 
proportions fibrin, platelets, and red cells. 
prevent hemorrhage from the puncture site, 
tropolished no. needles* were used 
enter the lumen. 


*Stainless no. needles purchased 
from Vita Needle Co., Needham, Mass., were electro- 
polished courtesy Dr. Knuth-Winterfeldt, 
Polytechnical Institute, Copenhagen, Denmark. 


Fig. Control arteriogram delineating the patent 
arteries prior occlusion. 


After production coronary occlusion, the ani- 
mals were kept under anesthesia injection 
for observation periods hours. 

During the experiment the change clot size 
was determined hour intervals meas- 
urement the length the filling defects 
serial arteriograms. The final size and configura- 
tion these thrombi were noted autopsy and 
the hearts were then fixed formalin for histo- 
examination. Tissue sections were chosen 
from the central and marginal zones the 
and from the uninvolved wall the left ventricle. 

The clots were observed for least 
hours the control group and until lysis 
the treated animals. The blood the treated 
and the untreated animals was examined periodi- 
determine activity the eu- 
globulin method and whole clot lysis time.! 

the treated animals intravenous infusion 
plasmin was started from 
hours after production the coronary thrombus. 
Infusion 4,000 units per Kg. per hour plas- 
min was sufficient induce and maintain fibri- 
lysis time standard fibrin The process 
clot lysis was judged alterations the length 


plasmin from Merck, Sharp, and 
Dohme Co., West Point, Pa., and fibrinolysin from 
Ortho Research Foundation, Raritan, N.J. 
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hours intravenous plasmin therapy. 


the filling defects (fig. 

treated animals were killed within hour after 

restoration vaseular patency the arterio- 

grams, the tree was 

hearts were preserved for tissue 
RESULTS 

Technical Aspects 


Forty-four animals were operated upon 
develop the for production coro- 
nary thrombi and serial arteriography. Twen- 
ty-eight animals were lost prematurely from 
complications the various procedures with 
termination usually irreversible ventricular 
fibrillation. 

these animals died prior coro- 
nary during the dissection 
coronary arteries, after the first arteriogram, 
probably from respiratory alkalosis due 
overbreathing, and from unknown 
After coronary occlusion fatal ventricular 
fibrillation occurred animals due 
injection hemorrhage from arterial pune- 
experiments. Analysis these complications 
and subsequent technical 
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Serial coronary arteriograms depicting the lysis coronary thrombus systemic 
plasmin treatment. filling defect (between arrow point and metal marker) 
size thrombus untreated for hours. Partial lysis. 


Complete lysis after 


coronary arteries appears restored. 
The small residual filling defect the stenosing ligature. 


mitted control the predominant sources 
mortality. 

Arteriography cause fibrillation was 
practically eliminated admixture blood 
Hypaque ratio 1:3 prior intra- 
coronary injection. This observation may 

Intermittent occlusion the coronary 
arteries during dissection was carefully avoid- 
after fibrillation had been observed follow- 
ing sudden release accidentally compressed 
vessels. 

The mortality due large 
was greatly reduced obstructing 
smaller vessels. 


Effects Plasmin 


experiments coronary thrombi were 
produced successfully and the survival periods 
were sufficient for prolonged observation 
serial coronary arteriography. The initial 
size these thrombi and their subsequent 
variation time was estimated from the 
length the filling defects. 
Immediately after coronary 
range clot size was mm. 
retrograde extension the next proximal 
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PLASMIN LYSIS - CORONARY THROMB! 


CONTROL — — — - 


40 


2 4 6 8 10 12 16 
Tene (hours) 


treated and control animals. Clot size indicated 
measured length filling defeets serial arterio- 
grams. The show the relative variation 
filling defects during control periods (broken lines) 
and during plasmin treatment (solid lines). 


The altera- 
thrombi and the micro- 
scopic changes early myocardial 
will described separately for each group. 
Control Group. untreated animals 
coronary thrombi could demonstrated 
persistent filling defects for periods 
hours (fig. From hours after 
coronary occlusion average decrease 
per cent was the size the filling 
defects, which can accounted for clot 
retraction and possibly minimal lysis. 


side branch was often observed. 


tions coronary 


Two 
these control animals developed fatal ven- 
tricular fibrillation and hours after 
sion. Dissection coronary vessels autopsy 
confirmed the presence thrombi 
all animals. One additional untreated 
animal showed spontaneous activi- 
ty, which resulted disappearance the 
filling defect after hours. 

The control animals were autopsied 
hours after coronary occlusion earlier 
ease fatal complications. 
findings consequently 


The 
refer the early 


changes the infareted myocardium. The 
infarets showed marked interstitial edema, 
dilatation and congestion the capillary ves- 
sels, scattered necrosis muscle fibers, 
and marked fibrinous epicarditis with subepi- 
cardial infiltration. Microthrombi 
were frequently observed. Figure shows 
the marginal zone hour old infaret 
with microthrombi and vascular con- 
gestion. More severe changes were observed 
the center the same with heavy 
edema, shrunken muscle fibers, and marked 
platelet aggregation dilated vessels (fig. 6). 

Plasmin-Treated Group. the group 
animals treated with intravenous intracoro- 
nary infusions plasmin, objective evidence 
lysis was obtained all were 
treated intravenously and intracoronary 
infusion. activity was induced 
hours after coronary Within 
hours after the start plasmin treatment 
progressive shortening the filling defects 
became apparent. Complete lysis coronary 
thrombi was achieved animals within 
hours. Partial lysis (60 per cent 
more) was observed dogs. One was killed 
and revealed tiny residual clot autopsy. 
Three animals complications 
hours after beginning treatment (ven- 
tricular fibrillation shock due excessive 
oozing from the operative wound and 
injection pentobarbital 1). 

The progress lysis coronary throm- 
bus depicted the series arteriograms 
figure The filling defects extending 
from the arrow point the metal marker 
the size the thrombus. this 
experiment total lysis hour old throm- 
bus was achieved after 414 hours systemic 
plasmin infused rate 4,000 units per 
Kg. per hour. 

The animals were autopsied after restora- 
tion patency shown the arteriograms 
earlier the case fatal complications. 
The microscopic appearance the treated 
hearts was striking contrast the control 
hearts similar duration. Treated infarcts 


showed less edema the marginal areas and 
much less dilatation and epicardial 
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with thrombi and venules. 


Right. Photomicrograph showing the central zone the infaret figure with 
heavy interstitial edema, shrinkage muscle fibers, and massive platelet aggregation 


dilated vessel. 


fibrin deposits both central and marginal 
areas. microthrombi could detected 
the treated group, suggesting that they may 
have been either prevented dissolved. These 
changes occurred even without complete lysis 
the primary thrombus, indicating that plas- 
min may penetrate the collateral 
perfusion. 

hour old where coronary 
tion had been restored after hours plas- 
min treatment. Capillary thrombi and vascu- 
lar congestion are completely absent. There 
moderate edema and some focal muscle cell 
necrosis with cell invasion. 

The predominant tissue changes were 
graded according frequency and severity 
show the contrast between the treated and 
the control group (fig. 8). were unable 
find any evidence damage 
the animals treated with plasmin. There was 
necrosis. 

These experiments prove the dissolution 
intracoronary thrombi the en- 
zyme, plasmin, within hours. The com- 
position these thrombi approximates the 
constituents clinical thrombosis. 


The speed lysis the same for experi- 


has been successfully treated plasmin al- 
though the speed has not been accurately 
Since successful lysis thrombi 
located various sites the 
system has been proved animals and man, 
the feasibility fibrinolytic therapy hu- 
man coronary thrombosis appears established. 

The objective fibrinolytic therapy 
restoration blood flow organs lysis 
vascular blockade. The chances for success 
depend upon the tolerance the organ 
ischemia. well known that the time 
limits viability are quite different var- 
ious organs. studies suggested that 
temporary coronary occlusion for more than 
minutes would result irreversible myo- 
cardial damage similar permanent 
However, more recent reports indi- 
cate that the duration ischemia may not 
the sole factor determining the time limits 
viability. Myocardial anoxia may toler- 
ated for periods hours during hypo- 
during perfusion the heart 
with heparin-containing 

The mechanism injury has been 
siudied detail Bing and his associates 
terms survival time excitability, 
energy production, and energy utilization 


Fig. Left. Photomicrograph hour old untreated showing the marginal zone 
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Fic. Photomicrograph hour old infaret 
which coronary was restored after 
hours plasmin treatment. The zone 
shown with moderate interstitial edema and some 
muscle with invasion. Note 
absence thrombi, hemorrhage, and 
tion. 


the heart was found that each 
different rate that depends all probability 
the resistance biochemical and biophysi- 
cal processes anoxia. 

The experimental evidence seems indicate 
that the time limit reversible in- 
jury myocardial viability very flexible 
and related only part the length 
ischemia. Preservation the patency the 
bed heparin and slowing 
diac metabolism hypothermia 
extend the myocardial viability. 

data have been reported the effect 
the fibrinolytic state upon the ischemic 
myocardium. our studies, the early stages 
showed different histologic 
structure after induction the fibrinolytic 
state. Compared controls, the plasmin- 
treated showed less vascular conges- 
tion, less edema, decreased fibrinous epicar- 
ditis, and absence capillary thrombi. These 
changes sometimes appeared within hour 
plasmin therapy, before lysis the thrombus 
occluding the main coronary vessel. 

These observations suggest that fibrinolytic 
blood may affect not only the initial occluding 
thrombus, but penetrate into the infarct itself 


MICROSCOPIC FINDINGS IN EARLY INFARCTION (1 TO 12 HOURS! 
contro! 
plasmin 
CAPILLARY CAPILLARY FIBRIN NECROSIS HEMORRHAGE 
INFARCT EDEMA DILATION THROMB! (EPICARDIAL (FOCAL) (FOCAL) 
CENTRAL 
ZONE 
MARGINAL 


Early changes treated infarets 
comparison controls. predominant tissue 
changes hours were graded roughly 
and severity. Treated infarets compared 
similar duration showed less interstitial 
edema marginal zone, much less 
tion and epicardial fibrin deposits central and 
marginal areas. Microthrombi were often seen the 
group, none were detectable the treated 
hearts. 


collateral perfusion. Studies are now 
progress determine whether 
tion the patency the capillary bed may 
influence the viability the myo- 
improving the supply oxygen 
and fuels. 

Sinee deleterious effects plasmin, such 
myocardial rupture intramyocardial 
hemorrhage, were observed, think that our 
experimental evidence offers sound rationale 
for trial fibrinolytic therapy human 
myocardial With the recent de- 
velopment purified preparations plasmin 
for human use, such study now possible. 
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SUMMARY 


Forty-four dogs were used develop 
technic for production serum-induced coro- 
nary thrombi. The fate these thrombi was 
followed serial coronary arteriography. 
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untreated control group animals 
the coronary thrombus peristed 
animal with spontaneous activity 
the thrombus disappeared. 

Significant activity was induced 
dogs systemic infusions plasmin. 
Total lysis the coronary thrombus was 
lysis per cent more was observed 

comparison controls similar dura- 
tion, the plasmin-treated infarcts showed less 
vascular congestion and edema and decreased 
fibrinous epicarditis. Also striking was the 
complete absence microthrombi, which were 
frequently seen only the control hearts. 


SuMMARIO INTERLINGUA 

Quaranta-quatro canes esseva usate pro dis- 
veloppar technica inducer thrombos 
coronari per medio sero. destino del 
thrombos esseva studiate per arteriographia 
series. 

grouppo animales que recipeva 
del thrombos coronari. octave, spontanee 
tion del thrombo. 

tive activitate fibrinolytic esseva inducite 
systemic. total del thrombo intra 
horas esseva effectuate iste animales. 
Lyse partial pro centro plus esseva 

comparation con infarcimento simile 
mento animales tractate con plasmina 
esseva associate con minus sever grados 
congestion vascular edema con reducite 
grados epicarditis fibrinose. Frappante 
esseva etiam complete absentia micro- 
thrombos animales tractate con plasmina. 
animales controlo, microthrombos 
esseva vidite frequentemente. 
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Anomalous Atrioventricular Excitation 


(Wolff-Parkinson-White Syndrome) 


Lovis M.D. 


opportunity study the mechanism pre-excitation was provided 
with unusual features: coexistence right bundle-branch block 
types anomalous ventricular complex, and simultaneous 
pre-excitation and varying grades atrioventricular block (first degree complete). 
The was reached that functioning structural atrioventricular neuromuscular 


bypass present these cases. 


LTHOUGH there general agreement 
that premature depolarization frac- 
tion ventricular accounts for the 
abnormal electrocardiogram the Wolff- 
Parkinson-White syndrome, there consid- 
erable difference opinion the manner 
which brought The problem 
has been investigated many ways: study 
the electric phenomena associated with the 
heart beat; the effect the cardiae mecha- 
nism various agents and 
maneuvers, including exercise and carotid 
sinus stimulation experimental procedures 
both animals and man aimed at, inad- 
vertently producing, 
sembling those naturally patients 
with the disorder; the anatomic demonstra- 
tracts; and the experimental creation 
short cireuit between atria 
reproducing all the features seen 
the pre-excitation syndrome. Although 
final proof lacking, the weight evidence 
favors the hypothesis anomalous excitation 
taking place via functioning accessory mus- 
cular bridge that bypasses the A-V node.* 
The A-V node delays passage the impulse 
moves from the upper the lower cham- 
bers; when the node bypassed the A-V 
transmission interval abbreviated. dif- 
ferent has been proposed, that the 
shortened transmission interval the conse- 


From the Medical Service and 
Laboratories, Beth Israel Hospital, and the Depart- 
ment Medicine, Harvard Medical School, Boston, 


Mass. 


quence accelerated conduction the tis- 

Evidence bearing the problem will 
presented this paper consisting 
observations, analysis arrhyth- 
mias, and the demonstration retrograde 
conduction from ventricles atria via 
cessory pathway. 


OBSERVATIONS 
Vectorcardiograms Patients with Wolff- 
Parkinson-White Syndrome 


The vectorcardiograms reproduced fig- 
ures were obtained from patients with 
the Wolff-Parkinson-White 
tients exemplifying wide range age and 
status were chosen (table 1). The 
earliest which correspond the anom- 
alous component delta wave the QRS 
complex, are remarkably similar all the 
patients. Since these forces represent prema- 
dium, this similarity suggests 
pathway and mechanism leading pre-exci- 
tation. 

The presence the anterior 
and posterior walls the left ventricle, and 
the interventricular septum, apparently 
does not alter the anomalous mechanism the 
vases studied (eases and 4). 


*Presented the Conference ‘‘The Electro- 
physiology the Heart’’ under the auspices The 
New York Sciences and the U.S. Publie 
Health Service National Heart Institute, February 
and 17, 1956. 
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old girl). figures arrows indicate direction 
inscription the QRS loop, and each interruption 
and frontal plane projection. The bottom 
the figure anterior inferior and F), and 
the top the figure posterior (H) superior 
and relation the patient. The observer’s 
left corresponds right and F), posterior (S), 
and the observer’s right left and F), anterior 
(S) relation the patient. 


year old man with anterior myocardial infarction). 
The infaret the tracing with anoma- 
lous conduction (A), but clearly evident when 
normal (B). Inferior infaret simu- 
lated the anomalous 


Similarly, right bundle-branch block 
case does not alter the anomalous mechanism, 
that right bundle-branch excluded the 
anomalous pathway. The earliest forces 
the right branch block tracing (figure 
represent ventricular depolarization 
left bundle, and those the tracings with 
anomalous conduction (figure 4B) depolari- 
zation via the anomalous tract. Since the 
spatial orientation these forces strikingly 


old man with normal heart). 


year old man with extensive 
and right bundle-branch block). The infarction 
the with anomalous 
(A), but clearly seen the tracing 
with right bundle-branch block (B). 


different, the left bundle-branch may elim- 
inated the anomalous pathway. 

The claim has been made that disease 
the A-V node responsible for 
conduction portions the normal A-V con- 
However, there little probability 
cases here Since the initial forces 
the are similar, probable that 
the anomalous pathways are identical. There- 
fore, the accelerated conduction 
valid, one would have postulate 
A-V nodal lesions kind which would affect 
identical portions the A-V conducting mech- 
anisms; the concept envisages desti- 
nations impulses starting different parts 
the A-V Furthermore, has been 
shown above that the anomalous mechanism 
utilizes neither the right nor the left bundle- 
branch; one the other all probability 
would involved portions the normal 
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and Terminal Forces and Clinical Diagnoses Four Patients with the 
Wolff-Parkinson-White Syndrome 


Case Earliest Terminal 


Type 
no. Age forces forces Clinical diagnosis 
LPD LPU Congenital heart disease, 
slight cardiomegaly 

LPU LPU Anterior infaretion 
(LPD)* (LPU)* (confirmed autopsy 

LPU LPU Normal heart 
(RAU)* (LPU)* 

LOU RAU Anterior, posterior, and septal 


*Normal A-V conduction. 
bundle-branch block. 


placement. 


A-V connections were used the accelerated 
grounds that accelerated conduction might 
near area injury, areas suf- 
fering from some marginal deficiency, there 
proof such injury and proof that 
accelerated conduction actually under 
the specified Moreover, such 
situation, existed, would probably un- 
stable and temporary. 

The diversity and nature the 
cases studied make appear unlikely that 
anomalous center impulse formation re- 
sponsible. for the abnormal vectoreardiogram 
all them. 

Finally, all that required reconcile the 
diversity the cases and the striking simi- 
larity the spatial orientation the earliest 
forces depolarization the existence 
anatomic functioning accessory pathway lo- 


approximately the same area all 
cases. 


Arrhythmias 


The electrocardiograms reproduced fig- 
man (case with the Wolff-Parkinson-White 
syndrome. There was clinical evidence 
heart disease other than paroxysmal tachy- 
that had been present for years. 


(confirmed 
block 


superior, O.= anterior posterior dis- 


Paroxysms with great frequency and 
evoked annoying palpitation. died sud- 
denly and unexpectedly years after the 
tracings were recorded. 

dia were recorded during observation pe- 
riod over hours, some which are repro- 
duced here (figures and 7). Normal 
ventricular complexes were present several 
the paroxysms, but the presence 
sinoatrial mechanism. Two varieties 
abnormal ventricular complex were noted 
when the sinus mechanism prevailed, one 
them commonly, the other rarely; the com- 
mon type never with atrial prema- 
ture beats, during paroxysmal rapid heart 
action. 

set leads (fig. demon- 
strates the presence anomalous atrioventric- 
ular excitation. sinoatrial rhythm and the 
rare type ventricular complex are displayed 
figure top; there single atrial prema- 
ture beat which followed ventricular 
complex the same type. The 
variety anomalous ventricular 
complex displayed the first and last 
beats figure middle. The middle beats 
constitute short paroxysm tachycardia 
initiated premature wave, and the 
yentricular complexes are the rare type; 
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Anomalous atrioventricular 


the P-R interval abbreviated, and even 
shorter than the anomalous P-R interval asso- 
ciated with the sinoatrial rhythm. 

longer paroxysm, again displaying the 
rare type ventricular complex, seen 
figure top, and, like the shorter one, ini- 
tiated premature atrial contraction. The 
QRS-T deflections present with the sinoatrial 
mechanism before and after the paroxysm are 
the common variety. the shorter 
paroxysm (fig. middle) the abbreviated P-R 
interval shorter than the anomalous P-R 
interval during the dominance sinoatrial 
rhythm. The length initiating the parox- 
ysm the same both; and the rate 166 
per minute both. 

paroxysm with identical rate, 166 per 
minute, but with normal ventricular com- 
plexes and normal P-R interval shown 
figure bottom. The length the ven- 
tricular complex initiating the paroxysm 
slightly longer than that the corresponding 
beats figures middle and top and longer 
than the length the remainder the 
paroxysm. This the result the longer 
transmission interval through the A-V node 
compared that through the anomalous path- 
way. The P-R interval identical all 
paroxysms. Prolongation the R-R interval 
does not occur figures middle, and top, 
because the first QRS each paroxysm repre- 


sents change from one anomalous pathway 
the other with the onset the paroxysm, 
rather than shift from anomalous path- 
way the normal A-V connections. The first 
QRS-T complex the paroxysm figure 
bottom, different from both the normal and 
the anomalous beats, probably due the sud- 
den shortening the length and conse- 
quent aberrant intraventricular conduction. 
Both paroxysms figure are followed, after 
sinus beats, ventricular premature con- 
traction with compensatory pause. 

The atrial pacemaker responsible 
for the figures middle, and 
top and middle, the same all the parox- 
ysms. figures middle, and top the 
P-R interval abbreviated and the QRS-T 
complex anomalous, presumably because the 
ectopic impulse conducted over bypass, 
the one which rarely used when the heart 
rate slow, and the pacemaker the S-A 
node (fig. top); figure bottom, the 
impulse reaches the ventricles via the normal 
atrioventricular connections, consequently the 
P-R interval and the QRS-T complex are 
normal length. 

Ventricular premature beats identical 
contour occur figures bottom, and top 
and bottom. The first interrupts sinus 
mechanism with the rare type ventricular 
complex, the last sinus mechanism with 
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Case 
respectively. 
recorded simultaneously. 


simultaneously. 


the common type ventricular complex. The 
coupling the premature beats fixed, but 
different from that which initiates the parox- 
ysms and the length dur- 
ing the rapid heart action. The basic heart 
rate variable, that the fixed coupling 
suggests re-entrant phenomenon. Since the 
course pursued the anomalous impulse 
different for each type complex, un- 
likely that the re-entrant area lies within the 
anomalous pathway. The fixed coupling and 
morphology the premature beats must mean 
that part the sinus impulse traverses the 
normal A-V connections and somewhere along 
this pathway encounters the re-entrant area. 

The length the premature beat 
figure top, differs from that the ventric- 
ular premature beats. This beat mor- 
phologically similar the prevailing sinus 
complexes and there compensatory pause. 


Atrial and ventricular premature beats and paroxysmal 
and are bipolar orthogonal leads horizontal, sagittal, and axes, 
Top. One atrial premature beat with anomalous excitation. 


Leads and 


Middle. Short paroxysm atrial tachyeardia with anomalous ven- 
tricular beats differing from the sinoatrial beats. 


Bottom. One premature beat with compensatory pause. 


Leads and recorded simultaneously. 


These features indicate that the mechanism 
different from that responsible for the ven- 
tricular premature beats. Indeed, the 
rence abnormal wave and abbreviated 
P-R interval establishes the diagnosis 
atrial premature beat followed the same 
kind atrioventricular excitation that exists 
during normal sinus rhythm. 

These phenomena can explained the 
existence different bypasses which act 
detours for atrioventricular conduction. These 
pathways are separate and distinct from the 
A-V node. One the preferred pathway when 
the heart under sinoatrial control, the other 
the anomalous pathway when 
atrial premature beats paroxysmal tachy- 
cardia 

The fact that there preferred pathway 
when sinus mechanism prevails suggests that 
the atrial end this pathway more acces- 
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Case 
axes, respectively. 
differing from the sinoatrial beats. 
Leads 


beat with pause. 
tinuous 


Leads 


sible the sinoatrial impulse than the 
origin the alternate pathway. The latter 
the exclusive anomalous pathway for atrial 
premature beats and paroxysmal atrial tachy- 
cardia, suggesting that its origin alone 
cessible the impulse arising the 
atrial focus. The evidence supports the view 
that single ectopic atrial focus responsible 
for the atrial premature beats and all the 
paroxysms atrial observed. 
There evidence disease the A-V 
node, that signs and symptoms heart 
are completely absent, and the A-V 
conduction intervals are normal. The fea- 
tures the ventricular premature beats indi- 
cate that conduction through the normal A-V 
connections simultaneously with anoma- 
lous excitation. Part the sinus impulse 
which transmitted via the A-V node the 
ventricles enters the re-entrant area and 


Leads and are bipolar orthogonal leads sagittal 
Top. Paroxysmal atrial tachyeardia with anomalous ventricular 


One ventricular premature beat with compensatory pause. 
and simultaneously and mounted continuous electrocardiogram. 
Paroxysmal atrial tachyeardia with normal ventricular complexes. 


Bottom. 
One ventricular premature 


and recorded and mounted 


responsible for the ventricular premature 
beats with fixed coupling. 

These data cannot explained anoma- 
lous impulse formation accelerated conduc- 
tion through portion portions the A-V 
conducting system. 


Retrograde Conduction 


year old Negro (case was hospital- 
ized after being hit the head the tail- 
board truck was rendered unconscious 
for minutes. His only complaints were 
weakness and dull left parasternal pain. The 
physical examination disclosed accentuated 
second sound and faint systolic 
murmur the pulmonary area, but was other- 
wise not remarkable. There was 
enlargement x-ray, and the white 
count, erythrocyte sedimentation rate, and 
Kahn tests were 
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Case Leads II, and III. 


wave anomalous beats. 


The day after admission complained 
increased weakness and inability sleep be- 
cause persistent precordial pain radiating 
into the left shoulder and left upper arm. 
Comfort was secured with codeine and 
uneventful course ensued. 

Electrocardiograms were obtained 
gust 29, August 30, September and Septem- 
ber 1945. 

The electrocardiogram figure reveals 
pre-excitation. Most the beats are normal, 
but anomalous complexes singly, and 
interval constant 0.19 second, and the 
anomalous P-R interval 0.13 the 
P-J interval the normal and anomalous 
complexes 0.27 second. sharp upward 
follows the delta wave the anom- 
alous ventricular complexes lead II. 

The figure discloses 
first degree A-V block, and normal ventricular 
complexes with single exception lead 
the rhythm bigeminal. The P-R interval 


Intermittent anomalous atrioventricular excitation. 
Normal and anomalous P-R intervals constant. 


Note sharp upstroke following delta 


the first beat every pair 0.18, and 
the second beat 0.19 0.31 The P-J 
interval the first beat every pair and 
the single anomalous complex lead 
0.28 second. Inverted waves (P’) are super- 
imposed the S-T segments the beats 
which initiate the long pauses, i.e., the 
beat each pair, and the third beat the 
triad. The ventricular complexes which pre- 
cede the deflections invariably are the 
normal variety. There are normal and 
anomalous complex, and inverted waves. 
The RP’ intervals are constant 0.12 see- 
ond. 

The electrocardiogram figure displays 
first degree and high grade A-V block and 
intermittent pre-excitation the beats are ar- 
ranged groups separated long pauses. 
each anomalous beats there are 
least types abnormal QRS-T complex. 
inverted wave invariably deforms the S-T 
segment the last ventricular complex 
group, except when the latter anomalous. 
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P-R intervals. Constant R-P’ intervals. 


this all the QRS-T complexes 
the group are abnormal, and the wave 
which follows the last QRS-T 
(Wenckebach phenomenon). The anomalous 
P-R interval constant, but the ‘‘normal’’ 
P-R interval varies between 0.31 and 0.39 
second; the P-P intervals, times, display 
progressive lengthening. The first beat each 
group anomalous. The QRS-T complex pre- 
ceding the inverted wave normal without 
exception, whether not the group contains 
more beats. The first beat every 
displays sharp upstroke downstroke 
which missing the subsequent anomalous 
beats. The RP’ intervals are constant 0.12 
The entire tracing contains nor- 
mal and anomalous beats, and inverted 
waves. 


second. 


The electrocardiogram reproduced figure 
normal; the P-R interval constant 


INTERPRETATION ELECTROCARDIOGRAMS 


The sharply inverted waves are charac- 
retrograde conduction, either via 
the A-V node, muscular bridge 
connecting the lower and upper chambers. 


First degree A-V and variation ‘‘normal’’ 


Retrograde conduction the im- 
pulse way re-entry through the A-V node 
may when the combination retarded 
antegrade conduction one section the 
node and unidirectional block 
exists; the P-R interval ‘is sufficiently pro- 
longed, retrograde conduction through the 
area unidirectional block will The 
presence retrograde waves after normal 
P-R intervals (fig. excludes this possibility 
the case under discussion. 

The other possibility, retrograde conduction 
through A-V pathway, sup- 
ported the facts. Inverted waves never 
follow anomalous complexes because the mus- 
cular bypass ef, just having transmitted the 
sinus impulse the ventricles, and the acti- 
vated myocardium (fig. 12) are 
tory. The normal depolarization front and 
the anomalous depolarization wave meet and 
become extinguished, precluding access the 
normal impulse the tract. That 
the association between normal QRS-T and 
not fortuitous demonstrated figure 
the second QRS-T each group beats 
followed inverted with single excep- 
tion, that the anomalous beat the triad 
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10. Case Leads IT, and ITT. 
anomalous complexes. 
Lengthening P-P intervals. 


lead the third beat the triad, however, 
wave. The interdependence inverted 
waves and normal ventricular complexes 
indicated their respective incidence fig- 
ures and 10; the lack complete numerical 
correspondence between normal ventricular 
complexes and inverted waves due the 
fact that retrograde conduction does not 
unless there prolongation, matter how 
slight, the normal P-R interval (fig. 12). 
Inverted waves never occur after the first 
QRS-T group beats, either because the 
leading beat anomalous, is, without ex- 
ception, figure 10, because the ‘‘normal’’ 
interval the first beat group 
not long enough, figure 

one offshoot the sinus impulse the 
first beat each pair figure conducted 
through the A-V node, and another simultane- 
ously penetrates the accessory A-V bridge but 
not delivered ventricular muscle, abnor- 
mal prolongation the refractory period 
the anomalous bundle must the cause. 


First degree and high grade A-V block. Variation 
Wide range ‘‘normal’’ P-R intervals, with constant R-P’ intervals. 


This refractoriness prevents retrograde 
duction through the 
tion when the normal depolarization front 
reaches the ventricular portion the bypass 
(fig. minimal increase the 
normal P-R interval (second beat each pair 
figure allows complete recovery the 
time the normal depolarization wave reaches 
retrograde conduction follows. The 
cious and unpredictable appearance and dis- 
appearance anomalous beats pre-excita- 
tion may explained this 
the accessory tract. Changes vagal tone 
and heart rate are the known factors that 
influence the refractory period and thereby 
affect conduction. The pattern increasing 
P-P and P-R intervals figure undoubt- 
edly manifestation changing vagal tone. 
Data different sort, presented 
led the conclusion that vagal control plays 
important part anomalous conduction. 

Retrograde conduction via muscular by- 
pass consistent with the brevity and con- 
stancy the R-P’ intervals, despite the wide 
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11. Case Leads II, and Normal 


range the preceding P-R intervals. 
probably more than coincidence that the 
anomalous P-R interval and the interval 
are approximately the same order mag- 
nitude; the anomalous P-R interval meas- 
ure conduction time over pathway 
while the R-P’ interval measure con- 
duction time over pathway dgfe (fig. 12); 
the anomalous tract, ef, with transmission 
interval estimated 0.06 second, com- 
mon both pathways. 

The R-P’ interval remarkably constant, 
and 0.12 second regardless the length 
the preceding P-R interval. similar, 
this respect, the remarkable constancy 
the anomalous P-R interval 
varying conditions. Undoubtedly single ex- 
planation applicable both phenomena, 
involving, part, single pathway for the 
impulse which responsible for the anoma- 
lous P-R interval and for the retrograde RP’ 
interval; this the tract ef. Since the QRS 
interval the normal beats displays vari- 
ations, the transmission interval dgf (fig. 12) 
will constant. There reason suppose 
that variations atrial transmission rates 


under the existing conditions; indeed, 
the duration the waves constant 
throughout all the electrocardiograms. There- 
fore, the tissues the common pathway are 
endowed with extremely brief relative re- 
fractory period, variations (first degree 
the conduction interval will not occur 
though complete block will; this keeping 
with the facts. 

The waves are sharply inverted because 
the atrial end the muscular bypass far 
removed from the S-A node, lying either near 
the A-V node, the left atrium. Since the 
A-V node asymmetrical relation the 
atrial niass the mean axis atrial depolariza- 
tion will oriented the left when retro- 
grade conduction begins near the A-V node, 
and the right when the bypass connected 
the left atrium. Consequently the de- 
flection lead will upright (or 
the former and inverted the latter situa- 
tion. the case under discussion the 
waves lead are inverted, suggesting that 
the atrial end the bypass related the 
left atrium. 

Other mechanisms that have consid- 
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BUNDLE 


S.A. NODE 


12. Case Normal A-V pathway abed, and 
anomalous A-V pathway aef. The time required for 
the sinoatrial impulse reach the ventricular myo- 
eardium via abed 0.18 second (fig. 9), and via aef 
0.13 (fig. 8); the former the normal P-R 
interval, and the latter the anomalous P-R interval. 
The known facts relation conduction atrial 
and ventricular musele, A-V node, and Purkinje tissue 
permit the following transmission intervals 
0.07, 0.06, 0.04, abedgf 0.24, and 
0.30 second. Interval may lie anywhere 
between 0.001 and 0.01 depending the pro- 
portion Purkinje fibers this area; for our present 
purpose matters little whether 0.01 0.001, 
long the same value used all the 
tions. Interval 0.06 second, which the inter- 
val between the beginning QRS and the peak 
normal complexes lead ITT. 

the sinoatrial impulse uses both pathways simul- 
taneously, and the anomalous offshoot blocked 
the ventricular end the anomalous (f), 
through the latter will not evident. The 
normal offshoot the sinoatrial impulse will reach 
the area block via abcdgf 0.24 
not conducted beyond when the normal P-R interval 
0.18 but reaches its destination the 
atria when the P-R interval 0.19 (fig. 9). 
noteworthy that the retrograde conduction in- 
terval RP’ constant 0.12 second, with range 
magnitudes the P-R interval from 0.19 
0.39 second. When the preceding P-R interval 
0.18 retrograde conduction does not 
first degree A-V block anomalous conduction 
not observed under these unique conditions, 
postulated that the relative refractory period the 
accessory bundle very brief. 
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ered possible explanations for the inverted 
waves are the premature discharge 
ectopic atrial A-V nodal centers and direct 
mechanical electric stimulation the atria 
ventricular contraction. 

The morphology the abnormal waves, 
the absence either fixed coupling com- 
mon length, and the exclusive 
after normal ventricular com- 
plexes militate against their origin 
atrial focus. 

The constant R-P’ intervals suggest 
A-V nodal mechanism with ante- 
grade and retrograde conduction producing 
ventricular complexes and inverted waves, 
respectively. However, the constancy the 
R-P’ intervals despite the pattern orderly 
and progressive increase the P-R intervals 
against this possibility. Failure the A-V 
node escape during the long pauses also 
inconsistent with this explanation. 

Direct mechanical electric stimulation 
the atria ventricular contraction has 
been suggested cause the ventriculo- 
sinus arrhythmia that A-V 
block and must considered explana- 
tion the inverted waves the electro- 
cardiograms under discussion. the 
refractory period atrial myocardium not 
factor, the apparent dependence inverted 
waves prolongation the P-R interval 
inexplicable the basis direct stimula- 
tion. The latter, likewise, does not explain 
the occurrence inverted waves exclusively 
after normal ventricular complexes. Further- 
more, not known that direct stimulation 
the type mentioned capable producing 
sharply inverted waves, waves con- 
stant observed here. 

The most plausible explanation, then, for 
the inverted waves retrograde conduction 
through muscular bypass circumventing the 
A-V node and functioning short 
between the lower chambers and the left 
atrium. 


Theories dealing with the mechanism 
pre-excitation may divided into funda- 
mentally different groups: anomaly con- 
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duction, and anomaly impulse forma- 
tion. experiments designed prove 
the concept anomalous impulse formation 
electrocardiograms have been obtained which 
resemble clinical pre-excitation, but likely 
that impulse formation other defini- 
tive mechanisms differing from pre-excitation 
are responsible for the observed phenomena. 
Experimental production perpetual anoma- 
lous impulse formation has not been achieved. 
the other hand, there available consid- 
erable evidence different kinds support 
the hypothesis muscular bypass 
the A-V node, and new data have been pre- 
sented this paper. 

Atrioventricular conduction the Wolff- 
Parkinson-White syndrome displays proper- 
ties that sharply differentiate from conduc- 
tion through the A-V node. The P-R interval 
markedly abbreviated the former, and, 
though variations its length are not ob- 
served, complete blockade the pathway 
frequently and under many 
the other hand fluctuations 
transmission intervals over the normal A-V 
route are common and times striking, but 
complete block infrequent. Evidently the 
relative refractory period the tissues 
the accessory tract are remarkably brief 
contrast its marked prolongation, times, 
the A-V nodal tissues. pre-excitation, 
quinidine and procaine amide either block 
A-V conduction completely appear have 
effect transmission intervals; they pro- 
long conduction time without completely 
blocking passage the impulse the normal 
A-V Digitalis capable prolong- 
ing completely blocking conduction the 
A-V node, while apparently favors anoma- 
conduction without 
changing the transmission Vagal 
stimulation may prolong A-V conduction time 
temporarily block the normal pathway, and 
may dislocate the pacemaker from the S-A 
the A-V node. vagal 
stimulation does not change anomalous con- 
duction time and has other effect anoma- 
lous provided the pace- 
maker remain the S-A node. may cause 


the appearance anomalous conduction 


performed when the mechanism 
or, the presence normal mechanism, 
may dislodge the pacemaker from the 
the A-V node, the same time converting 
anomalous normal ventricular complexes.” 
These contrasts suggest that the tissues 
the anomalous pathway and the A-V node 
are fundamentally different. These observa- 
tions, together with others presented above, 
acclerated conduction, which envisages con- 
duction rates the tissues the A-V node 
greatly excess those with which are 
familiar, and which treats the A-V node 
the ‘‘central nervous system’’ the ven- 
These data provide evidence that 
linkage elements the A-V node 
predetermined fractions ventricular 
myocardium responsible for the anomalous 
complexes. 

The hypothesis pathway that bypasses 
the A-V node based considerable experi 
mental and knowledge. The histologic 
demonstration such their ex- 
perimental and vast amount 
support this con- 
cept. Certain tissues, for example atrial myo- 
cardium, conduct impulses rates far 
excess the A-V node. Such 
creating short make possible for 
the impulse escape the delaying action 
the A-V node. The location the accessory 
tract, whether imbedded the A-V node, 
far removed from it, important only 
respect its effect the morphology and 
duration the anomalous complex; 
happens that the evidence indicates that the 
bypass usually far removed from the A-V 
node. the concept accelerated 
tion the A-V node were correct, the tissues 
carrying the anomalous impulse would ex- 
pected lie within close the node. The 
observations presented above reveal such 
proximity. 

agreed that direct stimulation 
one chamber another does not occur, the 
data here discussed can 
interpreted mean that muscular bridge, 
probably the one which responsible for 
the inverted waves, the same pathway 
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that conducts the anomalous sinus impulse 
the ventricles and produces the delta wave. 
This deduced under the stated conditions 
from the fact that the anomalous P-R interval 
fixed, despite the presence variable first 
degree and high grade A-V block the nor- 
mal A-V bridge. 

The conclusion warranted that the mech- 
anism responsible for the Wolff-Parkinson- 
White syndrome functioning structural 
A-V bridge that bypasses the A-V 
node, where normally the impulse delayed. 
Early delivery the impulse the lower 
chambers initiates premature ventricular 
tivation with consequent shortening the 
P-R interval and lengthening the QRS 
interval. Retrograde conduction through the 
same pathway occurs, and ex- 
planation for the atrial arrhythmias that occur 
the syndrome. The noteworthy observation 
that the anomalous P-R interval 
retrograde R-P’ interval are constant under 
wide variety conditions strongly suggests 
that part these transmission intervals 
measure conduction time through one and 
the same pathway. 


SUMMARY 

graphic data patients with the Wolff-Park- 
inson-White syndrome have been presented. 

The significance the spatial orientation 
the earliest forces the vectorcardiogram, 
analysis arrhythmias, and the demon- 
stration retrograde conduction have been 
applied study the mechanism anoma- 
lous atrioventricular excitation. 

The data support the concept one 
more accessory functioning 
passes anatomically and functionally separate 
and distinct from the atrioventricular node. 

has been shown that the accessory tract 
capable retrograde conduction, thus pro- 
viding possible mechanism 
arrhythmias. 


INTERLINGUA 


electrocardiographic patientes con syn- 
drome Wolff-Parkinson-White. 
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signification del orientation spatial del 
fortias initial vectocardiogramma, 
analyse arrhythmias, demonstration 
conduction retrograde esseva applicate 
studio del mechanismo anormal excitation 
atrioventricular. 

datos supporta conception que existe 
plure functionante shuntings structural 
accessori que anatomicamente functional- 
mente separate distincte nodo atrio- 
ventricular. 

monstrate que via accessori capace 
conduction retrograde, maniera que illo 
representa mechanismo possibile pro 
arrhythmias atrial. 
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John Wesley 
Physician and Apothecary 


“For more than twenty years have numberless proof that regular physicians 
exceedingly little good. have, therefore, believed duty within the last four months 
for between six and seven hundred the poor this medicine 
know was proper.” began written January 25, 1746, one John Wesley, 
preacher, founder the Methodist Church, scorned the High Church England. 

John Wesley came Oxford June 1720, week after his seventeenth birthday. 
not generally known that this fifteenth offspring seventeen children spent great 
segments his time the study medicine and natural philosophy this university 

before was ordained five years later. His friend and first biographer said; “Natural 

History was field which walked every opportunity contemplate the structure 

natural bodies and the instinets and habits the animal creation.” matter 

fact, was with difficulty that Wesley kept his devotion physical science from tres- 
passing upon his eall preach the gospel. 

After his ordination and before left for his mission Georgia October 1735 
made “anatomy and the diversion his leisure hours.” 

Georgia continued administer the sick body while his min- 
istry the spirit. was interested medicine practiced the Indians, and 
studied the native herbs from which they their medical brews. must have 
known Dr. Samuel Nunez, Spanish-speaking Portuguese Jew, first practitioner 
medicine the colony Georgia, who had anchored Tybee Island July 11, 1733, 
six months after Oglethorpe’s arrival. For Wesley writes his Journal about learning 
Spanish from his Jewish parishioners. 

And knew and exchanged medical lore with John Regnier, male nurse the 
Moravians, and helped Regnier the first autopsy Georgia. The patient died be- 
cause “Hematoma (blood clot) the abdominal wall among other 

After confusing year and nine months Wesley left the New World board the 
Samuel December 1737 and returned both his preaching and body healing 


WEINSTEIN. John Wesley Physician and Apothecary. The Georgia 
Review 10: 1956. 
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Hereditary Occurrence the Pre-Excitation 


(Wolff-Parkinson-White) Syndrome with Re-Entry 


Mechanism and Concealed Conduction 


The hereditary occurrence the pre-excitation (Wolff-Parkinson-White) syndrome 


generations family reported. The syndrome was observed grandfather, 
father, set identical twin girls, and the male second set fraternal twins. 
Completed abortive cireus movements with re-entry into the normal conduction pathway, 
well concealed forward conduction, the pre-excitation syndrome are demonstrated. 
The importance this observation for the understanding the mechanism the 


Parkinson-White syndrome discussed. 


INTERNATIONAL panel discussion 
tation’’ sponsored the New York Academy 
main explanation for the pre- 
excitation 

mechanism was proposed Sodi-Pal- 
lares, Calder, and associates that certain 
areas high the interventricular septum are 
hypersensitive and, therefore, 
stimulated and that the stimulus responsible 
for the excitation these areas does not 
travel any recognizable path- 
way. These authors were able produce ex- 
perimentally right heart catheterization 
ventricular complexes with like- 
those found clinical examples 
the pre-excitation 

second theory Prinzmetal, Kennamer, 
and associates was that the Wolff-Parkin- 
son-White (W-P-W) syndrome the atrial im- 
pulse passes the ventricles over the normal 
conduction system and not way anoma- 
lous connections, but that the normal delay 
the atrioventricular (A-V) node partially 
overcome, that the impulse part the 


From the Cardiopulmonary Laboratory, 
U.S. Naval Hospital, Portsmouth, Va. 

The opinions assertions contained herein are 
those the author and are not construed 
official reflecting the views the Navy Department 
the naval service large. 

Presented part the Third World Congress 
Cardiology, September 1958, Brussels, Belgium. 


node passes through more rapidly than nor- 
mal, condition which they 
ated They also suggested that 
the A-V node and the intraventricular 
tion system always the same portion 
the ventricular myocardium 
the experience these authors, 
the W-P-W syndrome more commonly 
quired than congenital. They observed 
patients whom the W-P-W syndrome was 
functional disorder. The majority 
these cases have been patients with 
dial 

The third concept implies the presence 
(or more) accessory conduction pathways by- 
passing the normal A-V conduction through 
the A-V This theory supported 
the demonstration anomalous 
muscle bundles human hearts carefully 
examined autopsy. Recent evi- 
dence suggests that the bundle Kent, which 
lies and therefore outside the 
annulus fibrosus, most likely not the 
sory A-V bridge responsible for the pre-exci- 
tation syndrome. Other 
nections were different authors, 
which, the basis recent knowledge the 
embryology the heart, will replace the bun- 
dle Kent the hypothesis accessory 
muscular A-V pathway the basis for the 
production the pre-excitation (W-P-W) 


Circulation, Volume XIX, January, 1959 
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Fig. Paroxysmal supraventricular tachyeardia day after admission. 


alternans V;. 


Since the original description the syn- 
voluminous monographs, excellent 
reviews, and many reports appeared advane- 
ing evidence support the different 
cepts. Hecht, moderator the panel, stated 
his summary and conclusion that proof 
the heredity the syndrome would 

The purpose this report (a) dem- 
onstrate the the pre-excitation 
family, (b) deseribe the existence the 
Wolff-Parkinson-White syndrome set 
identical twins and the male second 
set fraternal twins the same family, 
establish evidence for completed abortive 
movements pre-excitation—forward 
conduction through normal 
return through anomalous A-V 


HEREDITARY OCCURRENCE PRE-EXCITATION SYNDROME 


Note electrical 


path—forward re-entry through normal path, 
and (d) demonstrate concealed forward 
conduction the pre-excitation syndrome. 


CASE 


month old white boy was admitted the 
U.S. Naval Hospital, Portsmouth, Virginia, with 
acute meningitis. 

the next day, electrocardiogram showed 
supraventricular 300 per minute, 
and the patient was digitalized. was quite 
resistant digitalis therapy and received over 
the hour period total dose 1.05 mg. 
Cedilanid (levatoside C), which more than 
double his digitalizing dose. 

The paroxysmal supraventricular 
converted only intermittently sinus rhythm, 
times following carotid sinus pressure. elec- 
trocardiogram such period revealed evidence 
pre-excitation syndrome (W-P-W syndrome). 
After the W-P-W syndrome was recognized 
the underlying cause the paroxysmal supraven- 
tricular the patient received 100 mg. 


HARNISCHFEGER 


Intermittent A-V dissociation nonparoxysmal nodal tachyeardia 


together with pre-excitation syndrome. 


quinidine gluconate intramuscularly, and hours 
later 200 mg. quinidine sulfate orally. The 
supraventricular tachyeardia was promptly con- 
trolled. The meningitis cleared with antibiotic 
therapy, and days after admission was afebrile, 
and the supraventricular tachyeardia did 
turn. The digitoxin was discontinued after days 
and the quinidine after weeks. 

The patient was discharged with the final diag- 
noses: meningitis, due Bacillus subtilis pre- 
oxysmal supraventricular tachyeardia. 

This patient was found particular in- 
terest from several points view, since pre- 
sented cardiac arrhythmias, which 
duction bypass. 

Figure shows part the electrocardiogram 
obtained day after admission. Supraventricular 
paroxysmal tachyeardia was diagnosed the basis 
the normal duration QRS and the precise 
regularity the rapid rhythm the rate 300 
per minute. waves can made out with 
certainty, although the upright peak before the 


par- 


QRS probably represents wave. The 
possibility exists, but remote, that this may 
paroxysmal atrial flutter with 1:1 A-V 
because the rate rapid. Electrical alternans 
especially well demonstrated during this rapid 
rhythm lead V;. 

Figure after digitalization with more than 
double the usual digitalizing dose, shows the pre- 
excitation syndrome diagnosed the combination 
short P-R (0.06 second), delta wave, and 
widened QRS 0.10 second. the W-P-W 
complexes change progressively contour from 
left right. The delta wave disappears and the 
small wave becomes larger until the last com- 
the depressed S-T the first few 
comes less depressed from left right and the 
inverted wave becomes less inverted and finally 
upright the last complexes V;. The sinus 
rhythm shows slight arrhythmia and varies be- 
tween rate 120 and 130 per minute. this 
tracing, are dealing with intermittent A-V 
dissociation produced nonparoxysmal A-V nodal 
The A-V node escapes readily 


OCCURRENCE PRE-EXCITATION SYNDROME 


Top. Pre-excitation (W-P-W) syndrome with intermittent A-V dissociation produced 
A-V nodal addition, there concealed forward conduction and concealed 
re-entry retrograde impulses into the normal A-V path present producing pseudobigeminy. 


Bottom. Concealed forward conduction and re-entry into the normal A-V pathway 
retrograde impulse following ventricular 


soon the sinus node slows down. This mech- A-V nodal acceleration may find its the 
anism, which was repeated throughout the record, infection may due the high dose 
particular interest this case pre-excita- digitalis. 

tion syndrome because the coincidence Figure represents part long leads and 
sinus arrhythmia with A-V nodal The the pre-excitation syndrome 


in 
nd | 
q 
m 
ly 
lal 
as 


Fig. Intermittent dissociation due A-V nodal tachyeardia 
(W-P-W) syndrome. Two completed with aberrant ventricular 


tion are seen (beat 10) and (beat 8). 


From the ventricular capture the impulse 


conducted retrograde fashion the atrium and leads re-entry into the 


normal A-V pathway. 


based aV, the combination short P-R 
(0.08 second), delta wave, and widened QRS 
136 per minute. Compared with these pre-excita- 
tion beats, complexes entirely different contour 
and direction are present (beats 14): 
wave precedes the QRS complexes these beats; 
they are A-V nodal escape beats producing A-V 
dissociation. The wave the fifth beat 
trifle late, and close observation the QRS re- 
veals different contour from the others evi- 
denced the absent delta wave and the small 
downward deflection before the wave. The slight 
slowing the sinus impulse 0.04 was 
enough permit A-V nodal producing 
A-V dissociation and interference the 
A-V junction. The same interpretation can 
applied the first beat this strip. exam- 
ination the A-V nodal beats, further interest- 
ing phenomena are observed. The waves 
the beats and are not deeply inverted 
those the and 11. addition, the 
inverted waves are followed pauses pro- 
ducing pseudobigeminy. detailed analysis 
the S-T segment and T-wave contour the seventh 
beat comparison with the ninth beat, will 
seen that upright wave superimposed 
the the seventh beat and inverted 
wave superimposed the wave the ninth 
beat. Furthermore, exact measurement will 
seen that the pause following the ninth beat 
0.04 second longer than the pause following the 


seventh. The interpretation these pauses 
that after the seventh beat the impulse formation 
the A-V node retarded the sinus impulse 
traversing deeper into the A-V junction producing 
forward concealed The pause fol- 
lowing the ninth beat produced different 
conduction pathway. The conduction this A-V 
nodal beat spreads through the ventricle and 
retrograde fashion through acessory A-V 
bridge into the atria, re-entering the normal A-V 
junction. The re-entry the retrograde impulse 
ventricular beat, but its effect the A-V node 
manifested delay the nodal 
impulse support this inter- 
pretation are (a) the inverted wave superim- 
posed the wave, indicating retrograde excita- 
tion the atria, and (b) prolongation the pause 
following inverted wave 0.04 second 
compared with the pause following upright 
wave. The difference 0.04 second represents 
the re-entry time. The same abortive circus move- 
ment conduction seen beats 11, 12, and 13. 
However, the second last the tracing 
not prolonged, despite retrograde wave, indi- 
cating intermittent failure re-entry 
aV,, concealed forward conduction clearly 
evident beat 11, where upright wave 
seen superimposed the wave that beat 
and followed pause indicative retarded 
impulse formation the A-V sum- 
mary, this tracing the pre-excitation syndrome 
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AGE ST AGE 5! 


1" GENERATION 


AGE 35 


2° GENERATION 


TWINS 
AGE 10 YEARS 


TWINS 
AGE 18 MONTHS 


GENERATION 


Pedigree demonstrating the pre-excitation 
(W-P-W) syndrome generations the Hall 
family. The twin girls, years age, are 
twins. 


the mechanism plus A-V nodal tachyeardia 
which produces A-V dissociation and inter- 
the A-V junction. addition, there 
concealed forward conduction and concealed re- 
entry retrograde impulses through 
A-V bypass producing pseudobigeminy. 

Figure assembled from selected parts 
long limb leads the same patient. This tracing 
especially interesting for reasons: fusion beats 
unusual type pre-excitation, concealed con- 
forward direction, and concealed retro- 
grade conduction over anomalous A-V 
following ventricular Again the 
diagnosis pre-excitation and intermittent 
dissociation due nonparoxysmal nodal 
complexes are seen. Beats and 
pre-excitation complexes. The first beats 
well the last beats represent A-V nodal beats 
with electric interference the A-V junction 
evidenced the wave superimposed the 
wave. Beats and vary contour and 
different degrees are intermediate between the 
QRS cemplexes: these are fusion beats. The 
these fusion beats can understood 
the sinoatrial node and splits the atrium 
its way the ventricle use the normal condue- 
hus producing interference the ventricles. 
this tracing, second the A-V 
has postulated, which promptly 
soon the sinoatrial node slows. the 
beats are the result admixture these 
foci, the sinoatrial impulse plus the one. 

lead III, intermittent A-V dissociation 
mechanism can again recognized. 
A-V nodal arrhythmia varying between the rate 
125 and 136 present. after 
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10Years 


Rh, Rh, Rh, Rh, 


The blood groups the identical twins 
with syndrome compared with the ones 
their parents. The blood groups differ from their 
mother’s and are like the ones their father, who 
also presented the W-P-W syndrome. 


beats and pause seen, the cause which 
can interpreted concealed re-entry the 
retrograde impulse the A-V node retarding its 
impulse formation deseribed figure 

The bizarre premature beat lead (beat 
represents completed ventricular capture with 
aberrant spread the ventricle and retrograde 
conduction through A-V bypath pro- 
ducing concealed re-entry the retrograde im- 
pulse. Proof for this interpretation will sup- 
ported with figure where leads and 
the same phenomenon occurred. 

figure again see the first beats 
and evidence the pre-excitation syndrome 
diagnosed the outlined previously. 
the sinoatrial rhythm slows from the fifth 
the seventh beat, whereupon the A-V node escapes, 
producing intermittent A-V dissociation with elec- 
trie interference the A-V The ex- 
planation the premature complexes with de- 
tailed analysis their mechanism important for 
the understanding the pre-excitation syndrome. 
Assuming the presence accessory A-V bypass, 
these beats interpreted follows: 
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Sinus 


cut 


Truncus 
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= 
conduction 
bundle 


Fig. Heart day chick leave connecting muscle strand between atrium and 


ventricle simulating bundle His. 
the tissue eut away. 


Dorsal view removed heart with diagonal 
Same heart after the excision had been 


completed. Note that the artificial bundle was made leaving strand muscle the 
ventral part the heart wall, region far possible from that which the His 
bundle later appears. The asterisk the surface indicates the region where the His 
bundle would have been differentiated considerably later period development. (From 
Bradley Patten, Univ. Michigan Bull. 22: 1956) 


mittent A-V dissociation. examination the 
A-V nodal beats can seen that the 
P-R becomes progressively shorter from 
left right until beat preceding the bizarre 
complex, the sinus wave appears after the QRS. 
Evidence for this seen the different contour 
the S-T segment compared with the pre- 
vious A-V nodal The premature bizarre 
beat completed ventricular capture with 
marked aberrant ventricular conduction. The 
same interpretation can applied for the bizarre 
complex With this established, the second 
challenge this record the explanation for the 
delayed impulse formation the A-V 
lated that the conduction the ventricular 
spreading backwards through the A-V 
bridge, activating the atrium retrograde fash- 
ion, reentering the normal A-V path, and retarding 
the impulse formation the A-V nodal foeus 
concealed re-entry the retrograde 
support this assumption the fact that the 
duration the R-R interval following the ventricu- 
lar capture 0.66 second exactly the same R-R 
interval lead aV, (fig. where concealed 
re-entry retrograde impulse was established. 
Further, the negative deflection following the 
aberrantly conducted ventricular capture 
superimposed inverted wave. Finally, the R-R 
interval 0.04 longer, representing the 
re-entry time, compared with the R-R interval 
where forward concealed conduction 
This tracing unique and represents 


evidence the property retrograde conductivity 
postulated for A-V bridge 
explanation for the mechanism supraventricular 
paroxysmal the pre-excitation syn- 
drome. 

This represents the only demonstration the 
literature for completed abortive move- 
ment with re-entry into the normal A-V conduction 
pathway the pre-excitation syndrome. 

The possibility that the pre-excitation syndrome 
was hereditary anomaly was suspected more and 
more recent years since observations increased 
that the syndrome was found and 
parent and Wolff observed 
single 

Curiosity led the examination the entire 
family after the diagnosis the W-P-W syndrome 
was established the baby twin. The pre-excita- 
tion syndrome was observed identical female 
twins, sisters the patient, and was traced 
back into the third generation the same family. 
Figure demonstrates the pre-excitation syndrome 
grandfather, father, identical set female 
twins, and the male second set fraternal 
twins. Documentation the individual electro- 

The year old father the twins was totally 
unaware the presence the W-P-W syndrome. 
During his career the U.S. Navy passed 
several physical examinations, but electrocardio- 
gram was never taken. There was history 
paroxysmal supraventricular tachyeardia. The his- 
tory was similarly negative the year old 
identical twin girls. However, the twin girls 
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and pulmonary emphysema. 
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Left. The H., year old man with W-P-W syndrome 


Right. Pre-excitation (W-P-W) syndrome year old man (J. H.), son 


presented murmur grade II, which 
was best audible along the left sternal border 
the second and third intercostal space, with 
slightly accentuated sound. The chest 
x-ray was negative. Her electrocardiogram differed 
from the one her twin sister, can seen 
the illustrative appendix, but both are type 
according the Rosenbaum and 
The murmur was classified 
insignificant for the dynamies the heart. 

The grandfather the twins, years age, 
suffered shortness breath and palpi- 
tation short duration for years. 
was not known have pre-excitation syndrome. 
Pulmonary function studies revealed marked pul- 
monary emphysema. 

Since the identity the year 
old female twins prime importance for the 
hereditary the pre-excitation, further 
support for this fact was established examina- 
tion their blood groups. Twins with dissimilar 
blood groups different sexes are obviously 
all twin pairs, per cent are 
found like-sexed and per cent unlike-sexed. 
per cent are unlike-sexed and the 
same percentage will expected like-sexed 
and dizygotic. The remaining per cent will 
like-sexed and pairs. Figure dem- 
onstrates the blood groups the like-sexed twins 
and the ones their parents. can seen, 
the blood groups the twins are the same and, 
furthermore, are like the blood groups their 
father, who also presented the W-P-W syndrome. 
The blood groups differ from the ones their 
mother the MN, and (a—) groups. 


H., asymptomatie and without clinical evidence heart disease. 


twins are, with high degree certainty, really 
identical twins. 


DISCUSSION 
discussion the observations 
above relation the the mecha- 


Fig. 11. year old twin 
H., daughter H., demonstrating the W-P-W 
syndrome. 
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12. 


nism the pre-excitation (W-P-W) syndrome 
interest relation the advances made 
A-V pathway not only the anatomic dem- 
onstration muscular A-V connections, but 
experiments which established 
further evidence that these muscular A-V 
nections are actually able conduct the sino- 
atrial impulse the ventricle. Elegant and 
very instructive experiments performed 
shown figure present con- 
evidence the conductive capacity 
embryonie muscle. The im- 
pulse the ventricle still conducted spite 
cutting away all the tissue around the atrio- 
ventricular constriction except for narrow 


Electrocardiogram identical twin sister, 


H., with syndrome. 


which then serves fune- 
tionally sort artificial bundle His. 
Patten found that does not make any dif- 
ference whether this connecting strand lefi 
near the place where the bundle His 
will later develop whether, figure 
the strand left the opposite wall the 
heart the farthest possible distance from 
the normal site the bundle His. The 
utilization strand muscle from part 
the heart that never 


connecting strand 


becomes involved 


the formation the bundle His avoids any 
questions that might arise the possible 
differentiation conduction bun- 
before histologically 
seems only 


dle, 


Thus, 


differentiated. 
natural that certain re- 
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tained tracts come serve the path 
impulse conduction and, rare 
impulse formation the adult heart. 

There seems general agreement 
several points. The W-P-W complex the 
result ventricular fusion beat, the QRS 
complex the resultant different con- 
limited area ventricle contracts pre- 
the remaining ventricular myocar- 
dium excited way the normal A-V 
pathway. The prematurely contracted ven- 
tricular area already diastolic relax- 
ation while the remaining ventricular 
designated type (positive delta wave 
all precordial leads), the premature 
tion the left ventricle and type 
(negative delta wave right precordial leads) 
the pre-excitation occurs the right ven- 
tricle.): 24, 33 

There are considerable divergent explana- 
tions, however, for the production the 
sion anomalous atrioventricular ex- 
muscular A-V bridge, the proper- 
ties conductivity and rhythmicity such 
muscle fibers are essential prerequisites. That 
the property rhythmicity can exist, al- 
though rarely, the A-V connection 
was convincingly proved Pick and 
The property conductivity such fibers 
tion is, however, the primary factor respon- 
sible for the usual manifestations the syn- 
drome. The mechanism for the forward 
the W-P-W syndrome was al- 
ready deseribed. Thus, the final link 
the chain for accessory A-V 
conduction path remained necessary dem- 
onstrate conduction retrograde direction 
from the ventricle back the atrium via the 
anomalous path. Proof such evidence 
given figures and this report. 
The demonstration completed 
movement conduction human heart 
particular for the understand- 
ing the mechanism supraventricular 
the presence pre-excitation. 


13. Pre-excitation (W-P-W) syndrome 
month old baby, the reported patient, son 


demonstrated figures and impulses 
conducted normal fashion through the 
A-V junction the ventricles may return 
back toward the atria over the A-V 
path and continuation such re-entry 
mechanism may initiate and perpetuate rapid 
heart action. Further evidence for the cor- 
rectness this view the demonstration 
that which the onset supraven- 
tricular was recorded, the last 
beat preceding the was not 
the pre-excitation 

The recent report Pick and 
cases the W-P-W syndrome the pres- 
ence block another im- 
portant contribution the existence 
accessory muscular A-V bypath. They re- 
ported left bundle-branch block the 
pre-excitation syndrome and right 
bundle-branch block and the 
rational way and the basis physio- 
logically principles, the production 
the ventricular ‘‘fusion beat’’ well 
all varieties arrhythmias the pre-excita- 
tion syndrome, assuming the existence 
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accessory muscular A-V bridge. addi- 
tion, with the first demonstration the 
hereditary nature the W-P-W syndrome 
over generations and set identical 
twins, together with the cardiae arrhythmias 
reported, strong evidence established for 
the correctness the hypothesis acces- 
sory A-V connection the most appropriate 
one account for all the known aspects 
the pre-excitation syndrome. 


SUMMARY 

The possibility that the pre-excitation syn- 
drome can hereditary anomaly, sus- 
pected recent years, further supported 
this observation its oceurrence 
generations family. evidence 
for this the existence the Wolff-Parkin- 
son-White syndrome set identical twins 
and set fraternal twins the same fam- 
ily. The identity the twins 
was proved their blood groups. 

The concept the mechanism supraven- 
tricular tachycardia syn- 
drome impulses returning back the atria 
over accessory atrioventricular path, and 
continuation such re-entry mechanism 
perpetuating the rapid heart action, was 
strongly supported the demonstration 
completed circus movements conduction 
heart. The operation completed 
retrograde re-entry mechanism—forward con- 
duction through normal atrioventricular 
pathway, return through anomalous atrio- 
ventricular conduction path, retrograde exci- 
tation the atria, forward re-entry into the 
normal demon- 
strated for the first time. 

Atrioventricular dissociation the Wolff- 
Parkinson-White syndrome with effect 
cealed forward and 
conduction upon impulse formation the 
atrioventricular node demonstrated, and 
the importance this observation for the 
understanding the mechanism the pre- 
excitation syndrome 
discussed. 
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excitation pote como anomalia hered- 
—es supportate additionalmente per 
generationes del mesme familia. forte 
Wolff-Parkinson-White par geminos 
mesme familia. identitate monozygotic 
del geminos esseva demonstrate per lor grup- 
pos sanguine. 

que mechanismo del tachy- 
pre-excitation depende del retorno impulsos 
atrios per via atrio-ventricular accessori 
que continuation iste mechanismo 
re-entrata perpetua rapide action del corde, 
iste conception esseva fortemente supportate 
conduction corde human. Esseva effec- 
tuate prime demonstration del curso del 
mechanismo complete re-entrata retro- 
grade, i.e. conduction avante per 
normal via atrio-ventricular, per 
via anormal conduction atrio-ventricular, 
excitation retrograde del atrios, re-entrata 
avante normal via atrio-ventricular. 

Dissociation atrio-ventricular syndrome 
Wolff-Parkinson-White, con effecto del 
celate conduction avante del celate 
duction retrograde super formation del 
impulso del nodo atrio-ventricular, demon- 
strate. importantia iste observation 
pro comprension del mechanismo del syn- 
drome pre-excitation (syndrome Wolff- 
Parkinson-White) discutite. 
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Diagnosis.—One must professional Ulysses and wisdom not sometimes 
err estimating the nature attack severe heart pain. There group 
cases keep one condition wholesome humility. When you jostle 
against hale, vigorous specimen humanity, who claps you the back and says, 
“The deuce take you doctors! have yet got over fright,” you would like 
forget that five years before you had almost signed his death warrant very positive 
diagnosis angina pectoris vera. the other hand, Mr. has left you with the full 
assurance that his cardiac pains are due overwork tobacco, and you have comforted 
his wife and lifted weight sorrow from both your most favorable prognosis. 
With what sort appetite can you eat your breakfast when, week later, you read 
the morning paper the announcement his sudden death the railway station? 
take another aspect—poor Mrs. Doe has gone softly all these years the bitterness 
her soul since you took that grave view her vaso-motor hysterical 
M.D. Lectures Angina Pectoris and Allied States, 1897. 
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Ballistocardiogram Chronic Severe Anemia 


M.D. 


Serial ballistocardiograms patients with severe anemia were studied 


assess the state anemia and after the eure anemia. 


The findings 


the ballistocardiogram have been compared those the electrocardiogram and the 


stressed. 


and 
abnormalities 
anemia have been 
ported. 


disturbances 


IVASCULAR 


The chronic 
anemia has been reported show large sys- 
complexes, minimal respiratory varia- 
tion, usually normal wave pattern but tran- 
sient abnormal patterns when the hemoglobin 
rapidly raised, abnormal patterns after re- 
lief anemia some older subjects known 
have heart trouble, increased height 
and waves, and broad the 
presence congestive heart There 
has, however, been study. 
though the great majority the alterations 
raphy believed useful physiologic 
means eliciting information about the force 
contraction and ejection blood 
the was thought that might 
particular value anemia, where there 
valvular, coronary, other type 
heart disease. The purpose this paper 
report study serial ballistocardiograms 
patients with severe anemia. 


MATERIAL AND 


Thirty patients with anemia and hemo- 
globin levels less than Gm./100 and with 
other cardiovascular disease, were selected for 
this study. All them were hospitalized until 
the anemia was cured. There were males and 
females; their ages (table ranged from 
years, with average years. The 
hemoglobin level ranged from 6.5 Gm. per 
cent, with average 3.3 Gm. Cardiae enlarge- 


From the Department Cardiology, Sawai Man 
Singh Hospital and College, Jaipur, India. 


abnormal after the cure anemia 


ment was present cases; the cardiothoracic 
ratio ranged from per cent, with 
average per cent. Congestive heart failure 
was present cases, whom were females. 
The anemia was caused malaria 
cases, ankylostomiasis 10, uterine bleeding 
and was undetermined etiology eases. 

the Dock type with mfd. condenser cireuit 
and attached series with limb lead direct 
The sensitivity the recorder was standardized 
that mv. produced em. deflection. Some 
normal ballistocardiograms with this equipment 
are shown figure for comparison. Patients 
were studied basal state. Tracings were re- 
corded after minutes rest the recumbent 
position, during normal respiration, deep inspira- 
tion, and deep expiration. electrocardiogram, 
with standard leads II, and III, and unipolar 
blood pressure and hemoglobin levels were deter- 
mined the same time. Observations were made 
every weeks until the anemia was cured, with 
further follow-up period weeks months. 
The average period for cure anemia was 
days, the average period observation, days. 
The Dock and associates! were em- 
ployed grade the ballistocardiograms. Grade 
with normal wave pattern was not considered 
abnormal. The study has been restricted the 
qualitative aspect the wave pattern. Chest roent- 
genograms were taken admission and after cure 
anemia. The heart was considered enlarged 
the ratio was more than per cent 
showed reduction size after treatment. 


RESULTS 
others after improvement anemia. The 
ballistocardiogram remained abnormal 
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cases, despite cure anemia. Ballistocardio- 
graphic findings, admission, during the 
period observation, and after cure ane- 
mia, are given table 

The abnormalities consisted tall bifid 
plateau-type valley; slurred, notched 
I-J and J-K segments; broad bifid fused 
and totally bizarre complexes low am- 
plitude. The abnormalities, their appearance 
after improvement anemia, their further 
course, and the persistence abnormal 
ords despite cure anemia are illustrated 
figures Large systolic complexes were 
which had abnormal pattern. signifi- 
cant these, totally bizarre 
plexes small amplitude and grade ab- 
time admission and after cure ane- 
mia. them, with very low 
amplitude and grade abnormality per- 
sisted despite cure anemia. 

the cases with heart failure showed 
which became abnormal later. Three cases 
showed large systolic complexes with abnor- 
mal patterns. Three the cases with tall 
had heart failure, and tall was seen 
all cases, though the former each instance 
and the latter appeared after improve- 
ment anemia. 

Both cases with normal tracings throughout 
the period observation had normal-size 
hearts. After the cure anemia, the 
cases with persistent enlargement 
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TABLE and Sex Distribution 


Age (yrs.) M F 
11—20 
21—30 
31—40 
Total 


showed abnormal ballistocardiograms and 
had abnormal electrocardiograms, while 
cases with normal-size hearts the 
ing figures were and respectively. 

the time the ballistocardio- 
gram was abnormal eases, the electro- 
cardiogram cases, and one both 
cases the corresponding figures after cure 
anemia were 25, 15, and respectively. One 
case with pattern left ventricular hyper- 
trophy showed normal ballistocardiogram 
all times. were noted where the 
ballistocardiogram showed severe abnormali- 
ties the time admission while the electro- 
cardiogram was normal (fig. 6). 

sistance likely mask myocardial weak- 
ness, and abnormal patterns may 
even the presence severe myo- 
cardial damage. Again ejection the left 
ventricle facilitated low aortic resistance 
with contribution the left ven- 
tricle I-J. The large impacts from the left 
ventricle decreasing inspiration cancel the 
the small impacts the right ven- 
tricle and the respiratory variation may 
were therefore impressed 
the high incidence abnormal ballistocardio- 
grams this series, which doubt due 
the intensity and the chronicity the 
anemia the cases included this study. 
Abnormal patterns the ballistocardiograms 
were concealed the time admission 
only one third the cases and were seen even 
when the systolic complexes were large. Many 
the abnormalities, some them transient, 
appeared after improvement anemia. 
severe anemia where the heart itself 
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TABLE 2.—Incidence Abnormal Ballistocardiograms 


Grade : Abnormality 
a. with abnormality of waves 


abnormal 
BCG 2 @ 8 b&b 


injured anoxia, the appearance trans- 
ient abnormalities when the hemoglobin 
rapidly raised has been ascribed myocardial 
recovery lagging behind vasoconstriction and 
increased resistance ejection. Abnormal 
patterns have also been noted appear after 
relief anemia some older subjects known 
have heart our cases, how- 
ever, abnormal patterns appeared even though 
the rise hemoglobin was, rule, gradual 
and irrespective the age the patient. 
The presence abnormal patterns the 
height anemia and abnormal respiratory 
variation nearly two thirds our cases 
was significant and can only considered 
indicate such severe myocardial damage 
that the left ventricle unable accelerate 
the blood normal manner, despite the 
low peripheral resistance. 

gram anemia was revealed this study. 
Tall notched slurred notched J-K, 
and short were the most frequent abnor- 
malities. Tall has been reported heart 
failure, coronary disease, mitral stenosis, and 
acute myocarditis. The cases that showed 
tall admission had heart failure. 
cases with heart failure and others, 
however, tall appeared after relief heart 
failure improvement anemia, and 
cases persisted despite cure anemia. 
some these cases tall was considered 
relative the small I-J. But others 
seems that, because myocardial damage, 
upward motion the blood the atria dur- 
ing isometric contraction was inereased and 
produced the tall 

The wave the ballistocardiogram 
due deceleration blood the aorta and 
its impact small peripheral 
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Fig. Abnormal wave patterns eases. Top, 
grade abnormality, broad valley, 
J-K. Middle, grade abnormality, tall and 
bifid and slurred J-K. Bottom, large 
amplitude systolic complexes with slurring 
J-K. 


creased peripheral resistance and low cardiac 
output diminish its Short 
absent waves have been reported coare- 
tation the aorta, aortic stenosis, occlusion 
the aorta, some cases congenital heart 
disease, and hypotension. The occurrence 
significantly short wave many our 
cases was noteworthy, particularly since the 
records were obtained with the electromag- 
netic instrument with which the wave 
deeper than with other types instruments® 
and stated the most prominent and 
deepest negative This has also 
been our experience control tracings nor- 
mal subjects. several this 
series the wave was even absent cut off 
and often very much delayed owing slur- 
ring the J-K segment particularly expi- 
ration, pattern which has been stated 
quite for coarctation other 
tive lesions the short has been 
noted association with vertical but 
our cases determination the position 
the heart from the roentgenogram and the 
electrocardiogram showed nearly equal in- 
cidence cases with horizontal and vertical 
hearts. The short wave those our 
cases which was seen admission can 
attributed decreased peripheral resistance. 
others, however, which appeared after 
improvement persisted despite cure ane- 


Appearance abnormal patterns after im- 
provement anemia eases (A, with 
normal pattern and with abnormally large, small, and 
normal amplitude systolic respectively, 
admission (first ballistogram). after cure 
anemia short waves; and weeks later, tall 
and slurred notched J-K. after cure anemia, 
grade abnormality, and tall and and short 
waves; weeks later, grade abnormality with 
small and broad, notched waves. 
after cure anemia, tall and waves. 


mia, appears that decreased force myo- 
cardial contraction was responsible for it. 

has been stated! that far one has 
shown that anything but heart failure scars 
due coronary artery disease can cause grade 
changes the fused H-J and 
pattern. was therefore great interest 
find these changes some our eases. 
particular interest was the presence grade 
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heart failure; abnormal records after cure anemia. 
admission, tall fused H-J, and tall 
after cure anemia, decreased amplitude, tall 
notehed and slurred J-K; months later, bizzare 
complexes. admission, grade abnormality, 
tall slurred J-K, and short weeks after cure 
anemia, tall notched short and variation 
time from 0.28 0.34 


cases which only had heart failure, and 
after cure anemia. The former were 
females with ages 25, 30, 30, and years, 
and the latter was boy years. There 
was therefore little possibility coincident 
coronary artery disease. The boy has been 
admitted times years, each time with 
recurrence heart failure due hookworm 
reinfestation and recurrence anemia, thus 
demonstrating the prognostic value the 
ballistocardiogram this young age. 

The incidence abnormal electrocardio- 
grams was greater admission. After 
anemia, however, the incidence abnor- 
mal ballistocardiograms was greater and while 
only case with cardiac enlargement and 
with abnormal electrocardiogram (L.V.H. 
pattern) showed normal ballistocardiogram, 
cases with normal electrocardiogram and 
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Fig. Totally bizzare admission 
cases; abnormal records after anemia. 
after eure anemia, small but 
plexes; weeks later, small amplitude, grade ab- 
normality, notched bifid and slurred 
weeks after cure anemia, relatively tall and 
and abnormalities. weeks after cure 
anemia, grade abnormality with tall and 
waves. weeks after cure anemia, tall 
short and slurred J-K. 


the same number without cardiae enlarge- 
ment showed abnormal ballistocardiogram. 
This showed the superiority 
cardiograph over these conventional means 
detecting residual myocardial damage. That 
normal ballistocardiogram, however, does 
not exclude myocardial disease was seen 
case with pattern left ventricular hyper- 
trophy the electrocardiogram. Apparently 
the cardiae ejection may normal the 
presence compensatory hypertrophy. 

has been suggested that significance 
should attached abnormal ballistocardio- 
grams subjects below the age 


the presenee normal admis- 
sion. 


Persistence abnormal 
even several months after cure anemia, 
many our cases all whom were below this 
age, would therefore indicate persistence 
impaired mechanical efficiency the heart, 
which may permanent. With passage 
time the ballistocardiogram may yet become 
normal some these 

often leads such severe myocardial dam- 
age that abnormal ballistocardiograms, in- 
cluding maximum abnormality, may re- 
corded despite decreased peripheral 
ance, and that some damage often persists de- 
spite cure anemia. stressed that 
the interpreting abnormal 
diogram otherwise normal individual 
and the attributing possible coro- 
nary artery disease, previous history ane- 
mia must excluded, particularly 
tries where such anemias are not uncommon. 


SUMMARY 

are reported. electromagnetic 
diograph the Dock type was used. 

Many the abnormal patterns appeared 
after improvement anemia. abnormal 
pattern was seen cases and persisted 
25, despite cure anemia. Maximum grade 
time admission and after cure ane- 
mia. Slurred notched J-K, tall and 
short were the most frequent 
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specific pattern anemia was revealed 
the ballistocardiogram. 

The electrocardiogram was abnormal 
cases admission and after cure 
anemia. The was abnor- 
cure anemia. 

The results this study show that there 
usually severe impairment the functional 
state the system se- 
vere anemia, that some impairment often per- 
sists despite cure anemia, and that ballisto- 
cardiography valuable its de- 
termination. 


INTERLINGUA 


reportate resultatos del studio bal- 
listocardiogrammas serial casos sever 
anemia chronic. Esseva utilisate ballisto- 
cardiographo del typo Dock. 

Multes del configurationes anormal appa- 
reva post melioration del anemia. Configu- 
rationes anormal esseva observate casos. 
illos persisteva despecto del curation 
del anemia. Anormalitate del grado (maxi- 
mal) esseva trovate casos: tempore 
tion del anemia. plus frequente anormali- 
tates esseva J-K vage indentate, alte, 
curte. configuration specificamente ane- 
mie non esseva constatate ballistocardio- 
grammas. 

electrocardiogramma esseva anormal 
tempore del admission casos. 15, 
illo esseva anormal post curation del ane- 
mia. ballistocardiogramma esseva anor- 
25, illo esseva anormal post cura del ane- 
mia. 

resultatos del presente studio indica que 
sever anemia chronic usualmente 
compromisso sever del stato functional del sys- 
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tema circulatori, que certe grado del com- 
promisso persiste frequentemente despecto 
curation del anemia, que ballistocardio- 


graphia valor como adjuncto deter- 

mination. 
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Suprasternal Transaortic Coronary Arteriography 


Opacification the coronary arteries has been accomplished direct needle puncture 
the ascending portion the aorta via suprasternal approach and injection 
Experience with attempts patients 
such coronary opacification The observations, the 
reactions, and the complications incident the study are Thirteen the 
patients had some type intrapericardial surgery subsequent this procedure, 
and the surgical observations regarding the status the coronary arteries are compared 


radiopaque medium. 


with the coronary findings. 


method visualization the 
coronary arteries man has become 
creasing importance with the advent direct 
surgical approach disease these 
Previous efforts opacify the coronary ar- 
teries man include 
aortography, ventriculogra- 
phy, and direct transthoracic needle puncture 
the aorta. 

only dem- 
onstrates the coronary arteries, basically be- 
cause the injected opaque medium 
greatly diluted the time reaches the 
aorta. The opaque medium the 
chambers considerable measure also 
the coronary vessels.* 

Injection opaque medium through 
catheter introduced into the ascending aorta 
way carotid, radial, brachial artery, 
effect entry the opaque material into the 
coronary arterial system, has produced opaci- 
fication the coronary arterial 
Catheter aortography necessitates cut-down 
exposure the vessel through which the 
catheter passed and thus introduces possible 
undesirable sequelae incident repair the 
vessel opening. 

Cardiae ventriculography can effect opaci- 
fication the coronary arteries, reported 
left-sided ventriculography the opaque 
medium injected directly into the left ven- 


From the Departments Surgery and 
Radiology, The Hahnemann Medical College and Hos- 
pital Philadelphia, Philadelphia, Pa. 


tricle, the left ventricular opacification ob- 
certain extent visualization the 
coronary arterial supply. 

1945 reported rather unsuccess- 
ful attempts coronary opacification di- 
rect needle puncture the aorta through the 
sternum. and Del Campo,’ 1948, 
reported opacification the coronary arteries 
left parasternal needle puncture the 
ascending aorta. 1952, intro- 
ter direct puncture the aorta from the 
jugulum,’’ but did not mention coronary 
artery opacification, except his report 
fatality resulting from his 

The suprasternal approach direct 
ture the left atrium and the ascending 
aorta obtain left atrial and aortic pressure 
recordings, reported suggested 
the possibility coronary artery opaci- 
fication injecting highly concentrated 
radiopaque medium through needle intro- 
duced into the ascending aorta via supra- 
sternal approach, and the needle 
until its tip was near the coronary ostia. 

Our experience with attempts supra- 
sternal coronary arteriography 
patients forms the basis this 


AND MATERIALS 


our procedure have adopted, large 
measure, the materials and methods utilized for 
thin wall, inch beveled needle, with single side 
hole opening adjacent its tip. This needle 
connected tubing through way stop- 
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Position head and neck, and needle insertion. 


injection and 
pressure tracings are recorded direct-writing 
oscillograph. Serial filming performed the 
rate films per second for seconds. 
this series employed per cent sodium dia- 
trizoate methylglucamine (Hypaque) doses 
ml. per injection. 

The patient placed supine position, with 
head and chin complete extension and rotated 
the right, the head actually being suspended 
over the filming device. From films obtained with 
the patient this position, and from conventional 
preliminary chest films, the position the ascend- 
ing aorta, the approximate level the valve, 
and the most suitable roentgenographie factors 
are determined. 

The patient given 100 mg. pentobarbital 
mouth hour prior the procedure, followed 
hour later mg. meperidine, hypodermi- 
eally. 

the site needle insertion, apply 
eous procaine anesthesia and extend subeutan- 
eously below the level the suprasternal notch. 
With continuous dribble saline solution flow- 
ing through the needle, the needle introduced 
through cutaneous stab wound approximately 
3.0 em. above the suprasternal notch. The saline 
dribble then shut off and the electromanometer 
adjusted record pressure waves. The needle 
passed the midline behind the manubrium 
toward the ascending aorta (fig. With 
tinuous recording, the needle 
advanced until pressure tracings indicate aortic 
penetration. there damping pressure 
tracings, the needle advanced predetermined 
distance place its tip slightly above the level 


waves occurs, the needle readjusted, retracted, 
completely withdrawn. 

With the needle satisfactory position, and 
with damping pressure recordings, the stop- 
cock then adjusted connect the needle the 
injection apparatus, the patient told stop 
breathing, and the radiopaque medium injected 
injection, the needle immediately withdrawn. 
The first the filming series started immediately 
before injection. 


ANALYSIS CASES 


the patients were males and fe- 
males; their ages varied from years. 
the total attempts coronary visu- 
alization, opaque medium was injected all 
but these instances opaque medium 
was injected because failure obtain 
satisfactory needle puncture the ascending 
aorta. additional case, the needle was 
believed the ascending aorta however, 
film study revealed actually the 
main pulmonary artery and this latter vessel 
was unintentionally opacified. 

the injections opaque substance 
into the aorta, satisfactory needle puncture 
the ascending aorta was accomplished with 
factory placement the needle required 
were necessary; and examination, satis- 
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factory placement the needle necessitated 
passes. the examinations requiring 
more than needle insertion, the pulmonary 
artery (as judged the pressure wave re- 
cordings) was entered 

the total patients, had repeat 
examinations. One repetition was because 
failure puncture the aorta satisfactorily the 
first time. another patient, the second study 
was performed after surgical implantation 
the internal mammary artery into the myocar- 
dium (Vineberg procedure), order eval- 
uate the patency the implanted 
mammary artery. third patient, the 
second examination was performed because 
marked dilatation the ascending aorta re- 
sulted such dilution the opaque solution 
that the coronary arterial system was poorly 
opacified the procedure was repeated with 
larger amount opaque solution. the 
fourth patient the injecting syringe collapsed 
the first examination with delivery in- 
sufficient opaque solution. 

The primary purpose the procedure was 
the visualization the coronary arterial sys- 
aminations the principal objective was the 
quantitation aortic insufficiency study, 
the main objective was demonstrate sus- 
pected patent ductus arteriosus. the pa- 
tients who had clinical features suggestive 
coronary artery disease, the examination was 
performed demonstrate whether the prox- 
imal portions the coronary arteries were 
involved atheromatous narrowing 
sion. 

Our procedure does not permit simultane- 
ous multiple leads; 
lead was routinely used. the 
tions radiopaque medium into the aorta, 
showed change the electrocardiogram 
throughout the procedure. the time 
needle insertion into the aorta, there were 
instance sinus tachyeardia, single 
ventricular premature contraction; 
ventricular premature beats; instances 
several atrial premature beats; occasion 
short runs both atrial 
and occasion RS-T segment 


elevation. Immediately the injection 
opaque medium, there were 
single ventricular premature beat, and 
sinoatrial block which persisted for 
minutes. the period after injection, 
observed occasions sinus all 
short duration. Several seconds sinus 
bradyeardia frequently preceded the tachy- 
cardia. There were also occasion single 
ventricular premature contraction the post- 
injection period, instance RS-T segment 
depression for minutes, and 
T-wave inversion, lasting minutes. 

The most common subjective reaction was 
sensation heat and flushing. 
nausea and, less frequently, vomiting 
curred. Such reactions were temporary, 
rarely lasting more than seconds, and 
instance were they alarming. Mild head- 
ache, lasting more than half hour, 
curred times. There has been episode 
slight hypotension following injection the 
radiopaque medium. 

manifestations occurred sugges- 
tive cerebral dysfunction damage. 
our knowledge, did the procedure 
precipitate myocardial infarction an- 
ginal episode. The majority patients com- 
plained slight moderate substernal dis- 
comfort, usually lasting less than hours. 
few patients, this was present for several 
days and patient complained 
for week. have encountered instance 
pneumothorax. this patient, at- 
tempted needle passes the aorta, without 
The patient developed hypotension, and x-ray 
revealed small pneumothorax the right. 
There was known instance needle 
tion the sinuses, the valve, 
the coronary artery. 

patients the films revealed that very 
small amount the radiopaque medium, esti- 
mated more than 1.0 ml., entered the 
right lateral wall point about 3.0 
5.0 em. above the valve. The needle 
tip was very close the intima the aorta, 
and believed that this amount opaque 
material was injected into the wall. 
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Additional films taken approximately and 
minutes after the injection revealed 
residuum opaque substance the aortic 
wall and presume that had been ab- 
sorbed. complications developed re- 
sult these minimal intramural injections. 
the patients the series cardiae sur- 
gery was performed some time following 
the procedure 18. these patients the 
surgical exposure afforded opportunity 
determine whether there was gross hemor- 
rhage, hematoma, the anterior 
mediastinum. The time lapse between coro- 
nary arteriography and surgery ranged from 


diastinal tissues was observed instances. 


analyzing the final observa- 
tions, have graded the 
opacification the ascending aorta and the 
sinuses, and the right and left coro- 
nary arteries basis excellent, good, 
fair, poor opacification, failure opaci- 
fication. the grading have evaluated 
the adequacy visualization the main 
coronary arteries and the 
arising from each the coronary arteries. 
While are concerned with the tertiary 
smaller branches the coronary arterial sys- 
tem, well established that these branches 
are subject considerable normal variation 
origin, number, size, and distribution.™ 
have therefore confined our evaluation 
largely the degree visualization the 
main coronary arteries and their major 
branches. 

Seven the procedures are excluded 
from analysis coronary 
cause unsatisfactory puncture the aorta 
inadvertent injection into the main pul- 
monary artery failure radiographic 
apparatus and breaking the injecting 
syringe 

Thus examinations remain for analysis. 
Opacification the ascending aorta and aor- 
sinuses was considered excellent 20, fair 
and poor examinations, and there 
were failures. Opacification coronary 
arteries was graded for the right coronary 
poor and opacification 11; and for 
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the left coronary artery excellent good 
the left but opacification the right 
coronary artery and oceasions 
neither coronary artery was opacified. 

The findings coronary arteriographic 
study were compared with surgical observa- 
tions the coronary arteries patients 
our series. Seven these patients were 
subjected internal mammary artery im- 
plantation into the myocardium (Vineberg 
procedure), had valvular surgery, and 
had coronary endarttrectomy. While 
digital and visual examination the coronary 
arteries surgery has definite limitations, 
can reveal instances atheromatous calcific 
change the epicardial coronary vessels. 
There was essential agreement and good cor- 
relation and partial agreement cases. 
case there was poor visu- 
alization both coronary arteries, but 
apparently normal coronary arteries were re- 
ported surgery. This case had marked aor- 
tic regurgitation, which probably accounted 
for the poor coronary opacification. 

brief description the arteriographic 
and surgical findings each these pa- 
tients follows. 

Case 

Male, age years. Clinical diagnosis: Aor- 
tic stenosis and coronary insufficiency. 

Arteriograms. Moderate aortic 
regurgitation. Right coronary artery: Fair 
visualization, evident lesion. Left coronary 
artery: Fair visualization; irregular narrow- 
ing, main trunk and anterior descending and 
branches, with terminal poor 
filling. 

Surgery. Transventricular aortic commis- 
surotomy. Severe atherosclerosis left coro- 
nary artery and major branches. 

Comment. Good correlation coronary 
arteriography with surgical and subsequent 
autopsy findings. 


Case 


Male, age years. Clinical diagnosis Myo- 
cardial infarction, years prior admission. 
Progressive angina, months. 
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Fig. Left. Case Marked aortie regurgitation. Right coronary artery: poor visualization, 
evident lesion. Left coronary artery: good visualization, evident lesion. 


Right. Case Marked regurgitation. Right coronary artery: poor visualization, 
evident lesion. Left coronary artery: poor visualization, evident lesion. 


Coronary Arteriograms. Right 
artery: Good visualization, evident lesion. 
Left coronary artery: Good visualization. 
Constrictive defects, proximal portion an- 
terior descending branch. Narrowing cir- 
branch. 

Surgery. Attempted coronary 
tomy, left artery, technically 
and incomplete. Vineberg procedure: 
sclerotic lesion, proximal 
portion branch left coronary 
artery; anterior descending branch fibrotic 
and stringlike, with numerous arteriosclerotic 
plaques. 

Comment. Good correlation coronary ar- 
teriography with surgical findings. 


Case 


Male, age years. Clinical diagnosis: An- 
gina, years, myocardial months 
prior admission. 

Arteriograms. Right coronary 
artery: Good visualization. Questionable de- 
first centimeter. Left coronary artery: 
Good visualization. Extensive irregular de- 
anterior descending branch. Poor filling 
branch. 


Surgery. Vineberg procedure. Palpable 
and plaques, right and left 
coronary arteries. 

Comment. Good correlation coronary 
arteriography with surgical findings. 


Case 


Female, age years. Clinical diagnosis: 
insufficiency. 

Coronary Arteriograms (Fig. 2). Marked 
aortic regurgitation. Right coronary artery: 
Poor visualization, evident lesion. Left 
coronary artery: Good visualization, evi- 
dent lesion. 

Surgery. Open annulus plication for 
Normal coronary arte- 
rial system. 

Comment. Partial correlation coronary 
arteriography with surgical findings. Poor 
visualization right artery un- 
explained, except the possible basis 
regurgitation. 


Case 


Female, age years. Clinical diagnosis: 
stenosis, major; insufficiency, 
failure for years. 
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Coronary Arteriograms. Moderate aortic 
regurgitation. Right coronary artery: Fair 
visualization, evident lesion. Left coronary 
artery: Excellent visualization, evident 
lesion. 

Surgery. Open aortic commissurotomy. Nor- 
mal coronary arterial system. 

Comment. Good correlation coronary ar- 
teriography with surgical findings. 

Case 

Male, age years. diagnosis: Aor- 
tic stenosis. 

Coronary (Fig. 3). Marked 
aortic regurgitation. Right coronary artery: 
Poor visualization, evident lesion. Left 
coronary artery: Poor visualization, evi- 
dent lesion. 

Surgery. Open commissurotomy. Nor- 
mal coronary arterial system. 

Comment. Poor correlation coronary ar- 
teriography with surgical findings. Failure 
satisfactory coronary opacification presum- 
ably due marked aortic insufficiency. 


Case 

Male, age years. History myocardial 
infarction year prior admission; angina 
for months. 
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Left. Case 10. Right coronary artery: poor visualization; filling; ques- 
tionable constrictive narrowing. Left coronary artery: good visualization; constrictive de- 
proximal 1.5 em. anterior descending branch. Good visualization 

Right. Case 11. Moderate aortie regurgitation. Right and left coronary arteries: ex- 
cellent visualization, evident lesion. 


Coronary Arteriograms. Right coronary ar- 
tery: Good visualization, evident lesion. 
Left coronary artery: 
Questionable constrictive defect, 
branch. Incomplete filling anterior descend- 
ing branch. 

Surgery. Vineberg procedure. Generalized 
coronary sclerosis, most marked region 
left branch. 

Comment. Partial correlation coronary 
arteriography with surgical findings. Arte- 
studies did not demonstrate sclero- 
sis right coronary artery. 


Case 


Male, age years. Clinical diagnosis: 
Coronary insufficiency. 

Coronary Arteriograms. Right coronary 
artery: visualization. Left coronary ar- 
tery: Good visualization. Irregular defects, 
main trunk and proximal portions cireum- 
and anterior descending branches, with 
poor filling distal portions both branches. 

Surgery. Vineberg procedure. Calcification, 
proximal portion right coronary artery. 
Generalized arteriosclerotic thickening left 
coronary artery and both major branches, 
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Comment. Good correlation coronary ar- 
teriography with surgical findings. Nonvisu- 
alization right coronary artery 
due changes. 

Case 

Male, age years. History angina for 
years. 

Coronary Arteriograms. Right and left coro- 
nary arteries: visualization. 

Surgery. Vineberg procedure. Both coro- 
nary arteries presented extensive 
lesions. 

Comment. Good correlation coronary ar- 
teriography with surgical findings. Nonvisual- 
ization coronary arteries arteriography 
presumably due extensive disease both 
vessels. 

Case 

Male, age years. History angina for 
months. Myocardial infaretion year 
prior admission. 

Coronary Arteriograms (Fig. 4). Right cor- 
onary artery: Poor visualization. Incomplete 
filling. Questionable constrictive narrowing. 
Left coronary artery: 
Constrictive defects, proximal 1.5 em. anterior 
descending branch. Good 
cumflex branch. 

Surgery. Vineberg procedure. Thickened 
proximal 2.0 em. right coronary artery. 
Thickened left main trunk and proximal 1.0 
anterior descending, with occlusion mesial 
branch. 

Comment. Partial correlation coronary 
arteriography with surgical findings. Coro- 
nary arteriography did not disclose any ab- 
normality the branch the 
coronary artery. 

Case 

Female, age years. Clinical 
Aortic stenosis, major; aortic insufficiency, 
minor. 

Coronary Arteriograms (Fig. 5). Moderate 
regurgitation. Right and left coronary 
arteries: Excellent visualization, evident 
lesion. 

Surgery. Open aortic commissurotomy. Nor- 
mal epicardial coronary arteries, 


Case 12. Right artery: fair visual- 
ization; irregular narrowing, proximal 3.0 em. Left 
coronary artery: good visualization; constrictive de- 
main trunk and anterior branch; 
poor filling cireumflex 


Comment. Good correlation coronary ar- 
teriography with surgical findings. 


Case 


Male, age years. History angina for 
years. Two episodes myocardial infare- 
tion: one years, and one months prior 
admission. 

Coronary Arteriograms (Fig. 6). Right 
onary artery: Fair visualization. Irregular 
narrowing, proximal 3.0 em. Left coronary 
artery: Good visualization. Constrictive de- 
fects, main trunk and anterior descending 
branch. Poor filling branch. 

Surgery. Vineberg procedure. Plaques 
first centimeters right coronary artery. 
plaques left main trunk, and 
first centimeter left cireumflex branch and 
proximal portion anterior descending 
branch. 

Comment. Good coronary 
arteriography with surgical findings. 


Case 


Male, age years. History angina for 
years. Electrocardiogram showed old myo- 
cardial infarction, 
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Coronary Arteriograms. Right coronary ar- 
tery: Fair visualization. Incomplete filling. 
Irregular narrowing and constrictive defects, 
distal centimeter, main trunk 
portions circumflex and anterior descending 
branches. 

Surgery. Coronary endarterectomy, anterior 
descending branch left coronary artery. 
palpable disease right coronary artery. 
plaques left main trunk and 
and left anterior descending 
branches. 

Comment. Partial correlation coronary 
arteriography with surgical findings. The in- 
complete filling the right coronary artery 
unexplained. 

The correlation digital and visual sur- 
gical observations the exposed epicardial 
portions the coronary arterial system with 
question the value each procedure 
assessing pathologic states that interfere with 
coronary flow. The reliability suprasternal 
transaortic coronary arteriography em- 
ploy cannot fully determined until such 
time adequate series cases, exhibiting 
evidence coronary artery disease 
ical history, careful clinical examination, and 
subsequent anatomic studies the coronary 
arteries has been examined this procedure 
coronary visualization. 


SUMMARY 


procedure coronary arteriography for 
needle-puncture opacification the ascend- 
ing aorta suprasternal approach pre- 
sented. The coronary visualizations obtained 
this procedure are analyzed, and the reac- 
tions and complications encountered 
studies patients recorded. The corre- 
lation coronary with surgi- 
cal findings 


SUMMARIO INTERLINGUA 


coronari, con opacification acupunctural del 
aorta ascendente per approche supraster- 


LEMMON, LEHMAN, BOYER 


nal. visualization coronari obtenite per 
iste technica analysate, reactiones 
patientes presentate. correlation inter 
constatationes arteriographia coronari 
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Dynamics the Orifices the Venae Cavae 
Studied Cineangiocardiography 


With the technical assistance Vivian Palladoro, B.S. 


anatomical studies Keith' demon- 
strated the myocardial structures the 
right atrial walls and their 
ing off the venous orifices during atrial sys- 
tole. Keith further postulated that under the 
stress back pressure, the diseased 
heart, these myocardial bands become weak, 
thus producing the incompetence the caval 
orifices. 

The existence such mechanism 
mained controversial and lately has been de- 
However, recent angiocardiographic 
studies seem have lent considerable support 
the Keith postulates. 

Hedman, Lind, and utilizing 
rapid exposures per second) serial 
angiocardiography demonstrated the systolic 
hesitation contrast material the supe- 
rior caval orifice, with free entry into the 
right atrium during diastole. 
with atrial left-to-right shunt they also found, 
during atrial systole, that the mech- 
anism closing the inferior vena cava breaks 
down under stress. Campeti were able 


re- 
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Closure the caval orifices the right atrium and the venae have 
been studied analysis high-speed records. 
and cardiogenic factors venae cavae dynamics was demonstrated. 
Findings indicated that mechanical and factors interact directing the 
atrial blood forward and preventing its reflux into the venae cavae. 
the orifices was demonstrated during atrial systole. 
however, was insufficient produce mechanical closure and thus prevent caval 
refluxes when the pressure gradients were altered. 


The 


Relative narrowing 
The degree narrowing, 


The findings are illustrated and 


show cineangiocardiography that sim- 
ilar incompetence develops the orifice 
the coronary sinus. reflux into the coro- 
nary sinus and its tributary veins was ob- 
served during atrial systole per cent 
patients with right heart hypertension. 

Kjellberg and utilizing serial an- 
giocardiography, demonstrated narrowing 
the caval and pulmonic venous orifices 
both dogs and human subjects during atrial 
systole. They described sphineter within 
the right atrial silhouette and concluded that 
‘‘a sphineter mechanism present the 
the caval and pulmonary veins 
with the 

This paper presented further con- 
tribution the problem dynamics the 
orifices and the venae man. 


MATERIAL AND 


examinations, speeds 
and frames per second, were made 150 
patients, undergoing investigation congenital 
heart diseases, method previously 
These were studied continuous motion well 
single-frame projection with analytie pro- 
Photographie prints and frame-by-frame 
tracings the great vessels and heart chamber 
silhouettes offered simultaneous comparison all 
the events within each was made 
method that produces curves depicting the dy- 
namies the various portions the heart 
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(Legend opposite page) 


DYNAMICS THE VENAE CAVAE 
bers and great vessels. many synchronous 
tracings were correlated with 
the 


FINDINGS 


Narrowing the intrapericardial portion 
the superior vena cava was frequently 
seen, has been described but 
most often during the rapid ventricular filling 
phase (fig. no. During atrial systole 
the size the vessel remained unchanged 
(fig. nos. and 10) according 
the flow coming from its tributary veins and 
the respiratory phase. few the 
sudden peripheral injection 
contrast medium the flow and al- 
tered the normal hemodynamics. 

Hedman, Lind, and published 
angiocardiogram the right anterior oblique 
position illustrating ‘‘narrowing the su- 
perior vena cava simultaneously with atrial 
However, could identify their 
serialogram not the morphology the atrial 
systole but that the rapid ventricular filling 
the diastasis, atrium, atrial ap- 
pendage, and subeustachian sinus still ap- 
peared distended while the right ventricle was 
partially filled. According our findings 
(fig. 2), these atrial structures decrease 
size during rapid ventricular filling and dia- 
stasis (early and mid-diastole) but are not 
altered shape. fact, during these 
phases the elastic atrial walls recoil uniformly. 
They contract only during atrial systole. Then 


the characteristic silhouettes the atrial 
appendage and the subeustachian sinus 
suddenly decrease, deform, and cannot 
identified (fig. nos. and 10). 

The caval flow decreases stops the 
level the atrium when the latter filled 
(fig. no. immediately before the opening 
the atrioventricular valves. definite ar- 
rest the flow also occurs during atrial sys- 
tole and the following phase isometric 
contraction (fig. no. 10). The flow starts 
again enter the atrial cavity the begin- 
ning the rapid ejection phase. (fig. nos. 
11). 

During the period flow, the superior 
caval orifice well opacified contrast 
medium and appears funnel-shaped, with the 
stem directed distally and the funnel mouth 
the atrial vestibulum. During atrial sys- 
tole the mouth the superior caval orifice 
well marked the decreased angiographic 
density the atrial cavity (fig. no. and 
fig. and D). The marked dilution the 
contrast medium nonopaque blood coming 
from the inferior vena and from the 
coronary sinus responsible for the de- 
creased density. This borderline the supe- 
rior caval orifice the left anterior oblique 
position almost rectilinear slightly con- 
cave downward and oblique the external 
wall from the right position 
(fig. nos. and near the 
angle. the right anterior oblique position, 


Frames sequence from right anterior oblique recorded 
frames per second ease pulmonary valvular stenosis. These frames have been 
correlated with the tracings shown figure The pictures show complete 
eyele: atrial systole; ventricular systole: contraction; ejection; 
end systole; diastole: A-V valves opening, and rapid ventricular filling; diastasis; 
10, atrial systole. Atrial filling starts the beginning the ventricular systole and lasts 


until the opening the A-V valves 7). 


The tricuspid valve ring appears outlined 


(4, 10, 11). The fused pulmonary valves, distended during ventricular ejection, and 


(4, 11, During atrial systole (2), the end the expiration (fig. 6), contrast 
medium refluxes into the inferior vena This vessel the atrial vestibulum between 
the orifices appear distended, while the superior vena cava appears narrowed. This 
reflux reversed the beginning ventricular systole (3). During inspiration (fig. 
nonopaque blood from the inferior vena cava enters the right atrium and outlines the superior 
orifice, which shaped like clarinet mouth-piece (10, 17). During atrial systole, 


the outflow tract the right ventricle form mushroom-shaped silhouette 
junction appears narrowed (2, 10) respiration phase (fig. 6). 


604 #ULM. VALVULAR STENOSIS 
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Three sequential frames from frames per second from right anterior oblique 
recorded 16-year-old patient with pure pulmonary valvular stenosis. 
Left, end systole: the atrium, atrial appendage, and subeustachian sinus are distended. The 
right ventricle and its outflow tract are contracted. 


Middle, ventricular filling: the atrium has 


deereased size, but atrial appendage and subeustachian sinus are still visible. The ventricle 
distended. Right, atrial systole: the atrium and the silhouettes the atrial 
appendage and the eustachian sinus are not visible. The superior orifice outlined. 
The ventricle fully distended, but the pulmonary artery still has the diastolie size 
with the systolic size shown the left pieture). (These photographs have been slightly 


this borderline slightly concave toward the 
right and oblique from the atriocaval 
tion down the angle formed the venae 
cavae. this projection the silhouette the 
superior caval orifice shaped like clarinet 
mouthpiece (fig. no. 10, fig. right, and 
fig. and D). the anatomy 
the right these borderlines follow 
the course the tenia terminalis contracted 
during atrial systole. the extreme left an- 
terior oblique lateral projections this 
radiologic morphology the superior caval 
orifice could not identified our 
However, could demonstrate that the su- 
perior atriocaval junction was slightly nar- 
rowed during atrial systole. According 
this narrowing due the contrac- 
tion the right tenia terminalis, which passes 
through the anterior margin the superior 
caval orifice, and the septal band, which 
lies within the septal walls the same ori- 
fice. ‘‘When the right tenia terminalis con- 
tracts descends within the right auricle like 
the blade The anterior mar- 
gin the orifice brought downward and 
inward until approaches the septal walls 
the right atrium, just front the aortic 


angle. could not demonstrate our cases 
the deep sphincterial contraction closing the 
superior caval orifice 
think, thus, that the contraction the 
right tenia terminalis and the septal band 
may produce change the cross section 
the superior caval orifice from 
ellipse and moderate decrease the cross 
sectional area. 


ANALYSIS THE CINEANGIOCARDIOGRAPHIC 
FINDINGS AND 
analyzed the variations the superior 
caval diameters our cineangiocardiograms 
realized that the superior vena 
valveless and collapsible vessel, subjected 
the pressure variations the mediasti- 
The section its mediastinal 
and intrapericardial portions probably varies 
phase respiration and the phase the 
mechanical cycle. Although these 
cross sectional variations might have affected 
the shape our tracings, the intimate rela- 
tionship between these tracings and the phases 
the mechanical and electrical 
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DYNAMICS THE VENAE CAVAE 


Sequence showing right ventricular filling, from frames per second right anterior 
oblique cineangiocardiogram recorded normal subject years old. End ventricular 
systole. The right atrium filled and the silhouette the subeustachian sinus distended. 
The A-V ring outlined. (0.066 second later). The A-V valves are opened. Atrium 
and superior vena cava appear decreased size. The ventricle partially filled. Separate 
streams opaque and nonopaque blood enter the right atrium respectively from superior 
and inferior vena cava (arrows). (0.066 second later). The ventricle filled. The flow 
from the venae cavae almost arrested. The caval orifices are outlined the 
density the right atrium. (0.066 later). End the atrial systole. The ventricle 
distended, the atrium contracted, and the diameters the intrapericardial 
portion the superior vena are increased. 


was always evident, even the cases which 
the intravenous injection contrast medium 
altered the caval flow. 

represent the dynamics different 
parts the superior vena diameters 
were studied: the first was traced the ex- 
trapericardial portion immediately below the 
azygos vein; the second was traced the 
midpoint between the azygos vein and the 
atrium, the intrapericardial portion; and 
the third, also intrapericardial, was traced 
the atrial inlet the vein. this level the 
terminal half inch the vessel surrounded 
Keith' the convexities these loops are 
thrown round the medial left margin the 
vessel and they terminate the right lat- 
eral margin near the lateral fornix the 

The diameter the atrial inlet the 
superior vena cava varies synchronously and 
proportionately with atrial diameters and 
with the atrial silhouette area (fig. tracing 
3). The diameter increases suddenly during 
the ejection phase (tracing a-b) correspond- 
ing the onset the QRS complex. the 


end the ejection phase (S-T segment) the 
tracing forms small plateau (b-c) and then 
continues gradually (c-d) until 
the atrioventricular valves open (end 
wave). Afterwards the curve decreases its 
lowest value (d-e) within the interval 
which the phases the ventricular filling 
(rapid ventricular filling, diastasis, and 
atrial systole). the tracing impos- 
sible identify the atrial systole, which 
one expects find indication the con- 
traction the myocardial fibers surround- 
ing the atrial inlet the vein. 

The diameter the intrapericardial por- 
tion the superior vena cava (fig. tracing 
2), traced midpoint between the azygos vein 
and the atrium, presents the same character- 
istic variations for the atrial inlet 
diameter, although less amplitude. 

The extrapericardial caval diameter (fig. 
tracing traced immediately below the azy- 
gos vein, varies different pattern from 
that the intrapericardial portion the 
vessel. decreases constantly after the ejec- 
tion phase, corresponding the S-T segment 
and the small plateau already described 
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Sequence from left anterior oblique recorded frames 
per second pure pulmonary valvular stenosis. End the atrial systole: the 
right atrium contracted; the intrapericardial portion the superior vena cava and the 
atriocaval junction are narrowed; the ventricle filled and the distended 
outlines the pulmonary valves still closed. systole and simultaneous atrial 
filling: the the superior vena increases and reaches the maximum before 
the opening the A-V valves (6). The nonopaque blood from the inferior vena cava 
produees filling defects (4, that outline the superior orifice. The fused pul- 
monary valves (2, appear distended. Diastole: with the opening the A-V 
valves (7) the ventricle fills and the superior flow, almost arrested the end the 
systole (6), starts again enter the right atrium (7). the same time the the 
superior vena decreases. During atrial systole (1, the distal portion this vessel 


(Continued page) 
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the tracing the intrapericardial diameters 
(fig. tracing b-c). Then the diameter 
until the opening the atrioven- 
tricular valves (end the wave). this 
point decreases again, and the amount 
decrease depends the respiration phase and 
the flow the contrast medium. Atrial and 
ventricular systoles are sometimes marked 
the tracings peaks small amplitude 
(fig. 6), which are slightly delayed with re- 
spect their electric manifestations (fig. 5). 

This graphic analysis the variations 
the superior vena caval diameters demon- 
strates that the intrapericardial and extra- 
pericardial portions this vessel are influ- 
enced differently and 
more influence and thus affect all portions 
the vessel well the right atrium. During 
inspiration all the superior caval diam- 
eters and the area the right atrial silhou- 
ette both systole and diastole. The 
reverse occurs expiration (fig. 6). The 
factors directly the intra- 
pericardial portion the vein but influence 
the extrapericardial portion (figs. 
and 6). 

Recent have demonstrated that the 
descent the atrioventricular junction dur- 
ing ventricular systole enlarges the great 
venous reservoir, namely the atrium and 
venae The piston-like downward move- 
ment the atrioventricular junction draws 
blood the central veins into the right atri- 
um. However, the acceleration the venous 
flow during ventricular systole can de- 
creased opening the pericardium 
removing the support the heart other 
therefore think the vari- 
ation the intrapericardial pressure 
influential factor along with the cardiogenic 
one. This also could explain the fact that the 


intrapericardial portion superior vena 
which does not contain myocardial 
fibers, varies manner (fig. tracing 
fig. tracing similar the area the 
right atrium and the diameter the atrio- 
caval junction. 

many normal and 
which the contrast material was 
injected through the vein the arm, the re- 
flux medium into the inferior vena cava 
was observed during the atrial 
though the intrapericardial portion the 
superior vena cava was narrowed, the intra- 
portion the inferior vena cava was 
filled and widely distended. The atrial ves- 
tibulum between the caval orifices was not 
contracted and was clearly distinguishable 
from the shadows the atrial structures 
(fig. no. 2). Gross observation and 
(fig. correlated with 
serial photographie enlargements (fig. nos. 
10) demonstrated that the reflux into 
the inferior vena cava during atrial systole 
angiocardiograms, which the contrast medi- 
was injected peripherally through the 
inferior vena cava, the small reflux into the 
superior vena cava, during atrial systole, was 
observed only during inspiration. This find- 
ing leads believe that the intrathoracic 
portion the inferior cava not influ- 
enced the cardiogenic factors the same 
extent the superior vena cava. The fact 
that the medium into the superior 
inferior vena cava, according the 
respiratory changes the pressure gradient 
between these proves that the 
venae cavae are during the 
atrial systole through the atrial vestibulum 
(fig. no. and through the narrowed but 
not closed caval orifices the right atrium. 
The ‘‘closure the caval orifices’’ or, other 


further diminishes, the atriocaval junction narrows, and the orifice appears (9) 


surrounded band-like negative shadow. 


The lighter shadows produced the outflow 


tract and the supreventricularis, both and still during the 
early diastole, outline the denser silhouette the distended sinuses the pulmonary valves (7). 
Note, the bottom-left the ventricular silhouette, round positive filling defeet that 
during ventricular systole and decreases during diastole 9). The 
true nature this diverticular image has not yet been determined. 
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Caliber variation the superior vena recorded method from 
frames per second left anterior oblique Caliber changes are ex- 
pressed percentage the arithmetrical average (base line 100 per cent) 
measuring the same point the diameters consecutive frames. The tracings are corre- 
lated with electrocardiograms recorded synchronously with the cineangiocardiogram, with the 
time seconds and with the frames. This figure demonstrates that the extrapericardial portion 
the superior vena (tracing diameter traced immediately below the azygos vein) 
varies differently from the intrapericardial portion the vessel (tracing midpoint between 
azygos vein and right atrium; tracing junction). 

Right heart recorded from the same cineangiocardiogram figure 
These tracings obtained method the tracings figure are correlated 
with the time seconds and with the frames. The numbers the small scale the 
bottom correspond the pictures figure These tracings show the influence the 
respiratory phases (1: diaphragm movements) and the (5, respectively 
areas right atrial and ventricular silhouettes) the extrapericardial portion the superior 
vena cava (2: diameter traced immediately below the azygos vein) and its 
portion (3, diameters traced respectively midpoint between azygos vein and atrium and 


words, the forward progression the blood 
during atrial systole depends upon the pres- 
sure gradient between the venae cavae and 
right atrium and between the right atrium 
and ventricle. 


Kjellberg and The fact that the 
orifices are surrounded myocardial bands 
that contract during atrial systole, does all 
the atrial myocardium, not matter 
discussion. The question about the degree 


the the caval ori- 
fices preventing the regurgitation the 
blood into the venae cavae during atrial sys- 
tole, cannot agree with and with 


narrowing. Direct radiographic signs the 
contraction these bands right 
atrial hypertrophy, and indirect signs pro- 
duced the characteristic stop contrast 
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medium, have been observed reported 
the foregoing. However, the deep contraction 
which could interpreted sphincterial 
closure the caval orifices was not found. 
Nevertheless, the mechanical and hemody- 
namic theories the ‘‘closure’’ these ori- 
fices are not mutually exclusive. 

has been from modified 
formula Poiseuille’s that ‘‘vol- 
ume flow through partially collapsed veins 
obeys approximately the laws flow through 
flow through these tubes decreases propor- 
tion the minor diameter the cross section, 
when the pressure and the cross-sectional 
perimeter are kept constant. Under the same 
experimental conditions, decrease per 
cent the minor diameter reduces the flow 
one third that through the same tube 
but circular cross section. analogy, 
believe that relative reduction the cross- 
sectional area the caval orifices and con- 
comitant change the cross-sectional shape 
great resistance the flow. This would pre- 
vent the caval reflux during atrial systole, 
minimize when the pressure 
tween right atrium and venae altered. 
The fact that the peripheral injection 
trast produces small increase 
atrial pressure mm. Hg) and often 
reflux into the contralateral vena even 
normal suggests that this reflux may 
mechanism prevent right atrial overfilling. 
The flow through superior inferior vena 
cava subject increase suddenly many 
the daily physiologic acts that produce 
abrupt changes the and intra- 
abdominal pressure. The venae cavae, then, 
reciprocal shunting, act pressure-bal- 
blood reservoir for the right atrium. 
This should allow gradual adjustment the 
output sudden variation the 
venous return. 


CoNCLUSION AND SUMMARY 


The physiopathology the ‘‘closure’’ 
the venous orifices the human right atrium 


has been studied normal and 
cases ‘by analysis high-speed cineangio- 
records. 

Theory myocardial sphincter-like closure 
and theory functional 
sure could not proved entirely. Mechani- 
cal and factors interact 
ing the caval orifices during atrial systole. 
That caval orifices narrow during atrial sys- 
tole but not close can demonstrated 
the fact that contrast material refluxes into 
the contralateral vena cava during atrial sys- 
tole, when, for causes, the 
gradient pressure between the venae cavae 
and the atrium altered. assumed 
the authors that along with this relative in- 
competence there exists atrial mechanism 
prevent sudden overflow from the supe- 
rior inferior parts the body and allow 
gradual adjustment the cardiae output 
the venous return. 

demonstrated. 
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SuMMARIO INTERLINGUA 

physiopathologia del del 
orificios venose del atrio dextere humanos 
esseva studiate casos normal pathologic 
per analyse registrationes cineangiocar- 
diographie alte rapiditate. 

clauditura hemodynamie functional non 
poteva esser provate 
effectuar clauditura del orificios caval du- 
rante systole atrial. Que orificios caval 
restringe durante systole atrial sed non 
claude poteva esser demonstrate per 
que substantia contrasto retroflue 
vena cave contralateral durante systole 
atrial quando, causas 
differentia pression inter venas cave 
atrio altera. autores postula que—a 
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parte incompetentia relative—il existe 
mechanismo atrial que preveni subite sur- 
fluxo partes superior inferior del cor- 
pore que permitte adjustation gradual 
del rendimento retorno venose. 

demonstrate influentia factores re- 
del venas 
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Myocardial Infarction Rats Fed Diets Containing 
High Fat, Cholesterol, Thiouracil, and Sodium Cholate 


Investigators have produced arteriosclerosis experimental animals dietary means 


for almost half century. 


contrast the situation man, however, all previous 


reports indicate that complicating thrombosis and infarction have been extremely rare 


experimental animals. 


The current report presents dietary regimens means 


which the authors have produced significant numbers and renal 
sis before the appearance severe structural changes the arterial walls, 
although abundant fat could often demonstrated histochemically. 


half century experimental patholo- 
gists have known that arterial damage fol- 
lowed the feeding cholesterol rabbits. 
Within the last decade similar lesions have 
been produced rats variety methods, 
all more complex than that which suffices for 
the rabbit. few isolated ex- 
amples myocardial developing 
animals these procedures have 
recently appeared. But are unaware 
any established method for the dietary pro- 
cant experimental animals. 
The foregoing suggests that respon- 
sible for atheromatous changes both experi- 
animals and man, may not identi- 
cal with those responsible for the complica- 
tions the disease—coronary arterial throm- 
and myocardial 
For several years 
factors influencing the clotting mechanism, 
particularly those concerned with clot 
Also, have emphasized® the need for 
model for studying mechanisms 
not only for changes arterial walls but also 
thromboses. With this object, 
ittempt was made combine number 
‘onditions which together might produce ar- 
erial damage and with 


From the Department Pathology, Washington 
School Medicine, St. Louis, Mo. 

These investigations were supported U.S. 
Grant No. H-1820. 

Presented part the A.M.A. Symposium 
Human Nutrition, New Orleans, La., 
15, 1957 (J.A.M.A.). 


Although the experiments were not ade- 
quately controlled all respects, results 
sufficiently approximate the objective re- 
port them here. 


Seventy male rats (Wistar albinos) 
weighing 120 Gm. were placed groups. They 
were housed individual, wire-bottom and 
offered water libitum. were weighed twice 
weekly (table 1). Each day food not consumed 
was weighed and discarded, and measured portions 
fresh diet were placed sterilized glass 
tainers. Records daily food consumption 
each animal were thus obtained. Pair feeding 
either food-weight body-weight basis was not 
out, all rats being offered more than they 
would eat. Animals that died were refrigerated 
until autopsied, usually less than hours after 
death. After weeks, all survivors were killed 
under ether anesthesia and autopsied. 

Diets. Seven diets were prepared 
according table Dry ingredients were thor- 
oughly blended Hobart food mixer. Various 
supplements listed were mixed mortar with 
small portions dry ingredients and blended with 
the remainder the mixer. Fats were added last; 
and solid, they were warmed room tempera- 
ture until liquid. Diets were kept tightly stop- 
pered containers and refrigerated 
for longer than weeks. Under these conditions, 
even high-fat diets did not become rancid. 

Microscopic Studies. Sections major viscera 
and vessels were placed either cobalt-formalin* 
weeks) Bouin solutiont (24 hours). 


*Cobalt nitrate, Gm.; Gm.; 
distilled water, ml. 

trated formaldehyde (37 per cent), ml.; acetic 
acid ml. 
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TABLE 1.—Average Weights Rats Biweekly 
Intervals* 


Week 


105 109 124 121 119 119 116 112 116 112 
106 114 115 112 114 113 103 103 108 
104 106 119 117 116 121 120 116 116 121 
105 105 131 129 130 124 113 124 124 126 
104 105 123 117 116 115 109 108 109 113 


rats were weighed twice each week, but the 
biweekly weight record above provides general view 
the weight curves. 


Hearts, kidneys, and aortas (fixed formalin) 
were sectioned with freezing microtome and 
stained demonstrate abnormal deposits fat 
Wilson’s modification Lillie’s supersaturated 
isopropanol oil red Selected paraffin- 
embedded blocks hearts and kidneys were sec- 
tioned serially and stained combined alde- 
hyde-fuchsin-van Giesen for demonstration 
tissue and collagen. Other special stains 
were employed needed, including those demon- 
strating ceroid and iron. 

Levels cholesterol the plasma most ani- 
mals that survived until the end the experiment 
were measured the method Pearson, Stern, 
and and are reported table 

RESULTS 

Within the first weeks most animals 
lost weight (table and several died (table 
presumably from thiouracil intoxication. 
Three rats each from groups IIT, and 
lost most the hair from their backs and 
flanks, suggesting essential fatty acid de- 
ficiency state. Only one these had myo- 
cardial infarct. The total number rats that 
developed and renal infarets both 
are listed table Other findings au- 
topsy included fatty livers, bronchopneumo- 
nia and, cases, pyelonephritis with mul- 
tiple abeesses liver 
renal was responsible 
for early deaths animals group (high 
fat, low protein, low choline). 

Cardiac Infarcts. When present, cardiac 
infarets were grossly visible anterior as- 
pects and apices left ventricles. They 
were yellow white and sometimes outlined 
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borders between normal and 
damaged Infareted areas were thin 
and frequently covered attached mural 
thrombi that sometimes nearly filled the en- 
tire left ventricular chambers (fig. 
sections coronary arteries these tiny 
hearts were not attempted lest recent thrombi 
dislodged and lost. 

Renal Infarets. They were easily seen 
situ and were yellow yellow-white areas 
situated lateral margins, extending anteri- 
orly toward hilar regions, 
sometimes involving entire poles. cut sur- 
faces they were classically wedge-shaped with 
apices toward the hilum and bases outer 
surfaces. 

Splenic were not found any ani- 
mal. Brains were not examined. Fatty livers 
were regularly encountered. 

Microscopic Studies. infarets found 
these rats were morphologic duplicates 
those regularly encountered man (fig. 2). 
Characteristic subepicardial layers muscle 
regions are often normal. 
tions between dead and normal muscle were 
sharply defined varying degrees infiltra- 
tion inflammatory cells (fig. 
thrombi were invaded endothelial cells, 
mononuclear cells, and young fibroblasts. Ex- 
thrombi was variable but always sufficient 
indicate clearly their antemortem character 
(fig. 4). Deposits neutral fat and choles- 
terol were abundant posi- 
tions. Fatty degeneration evident 
throughout all portions infarcts (fig. 5). 

frozen sections, abnormal deposition 
large amounts stainable fat was often pres- 
ent throughout all layers walls coro- 
nary arteries (fig. abnor- 
mal lipid was demonstrable almost every 
section arteries rats groups, VI, 
and VII, and lesser degrees other groups. 
Fatty deposits intimal, subintimal, and 
inner medial zones aortas paralleled 
extent those coronary arteries. Mural 
plaques, fibrous intimal thickening, medial 
fibrosis necrosis were not demonstrated 
any arteries rats. Absence structural 
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MYOCARDIAL INFARCTION RATS 


(as distinguished from histochemical) changes 
deserves emphasis. 

Serial sections were made hearts which 
were discovered; some could 
demonstrate short segments (0.2 0.5 mm.) 
coronary arteries occluded antemortem 
thrombi. They were composed masses 
disintegrated red cells, fibrin, and platelets 
invaded large plump (of endothelial 
origin?) exhibiting many 
young fibroblasts (fig. 7). sites throm- 
hoses vessel walls were not abnormal but for 
extensive deposits stainable fat previous- 

Sections renal closely resemble 
those man. Coagulative necrosis (fig. 
tubules and glomeruli left only typical 
outlines their originals. zones 
between dead and normal tis- 
sue, congestion and inflammatory infiltra- 
tion (neutrophils) were present. Occlusive 
thrombi were found major branches 
renal arteries that supplied some the in- 
regions. But these sites structural 
alterations again were not and the 
only abnormality was deposition stainable 
fat (fig. 9). 

Livers contained extensive deposits 
stainable fat including cholesterol. those 
rats that died early the experiment, lipid 
was periportal, but those that 
survived longer, every portion every lobule 
contained fat. animals killed the end 
weeks, early periportal fibrosis was pres- 

Thyroid glands had undergone typical 
perplasia with papillary formation epithe- 
ium and increased cellularity characteristic 
thiouracil administration. Other organs, 
neluding adrenal glands and spleens, were 
inremarkable (except for excess lipid). 

The factors responsible for myocardial in- 
rats were not apparent from the 
‘xperimental design employed. not even 
‘lear why and renal devel- 


all, view reports similar ex- 
previously conducted others, 


TABLE 2.—Ingredients Diets (Percentage 
Weight) 


Group No. 


Casein ....... 20.0 20.0 20.0 20.0 20.0 6.0 
Alpha soya 

...... 50.5 50.7 49.7 20.5 20.5 27.7 28.7 
Salt mix* .... 4.0 4.0 


Vitamin 2.0 2.0 2.0 2.0 2.0 

Sodium cholate 2.0 2.0 2.0 2.0 


10.0 10.0 10.0 20.0 

Cholesterol ... 5.0 5.0 5.0 5.0 
100.0 100.0 100.0 100.0 100.0 100.0 100.0 


*This salt mixture the Wesson the 
Osborne and Mendel salt 

+Each kilogram the vitamin mixture contained 
the following triturated dextrose: 


Gm. 
Vitamin (200,000 units/Gm.)... 4.50 
Vitamin (400,000 units/Gm.)... 
Pyridoxine (hydrochloride) 1.00 
Thiamine (hydrochloride) 1.00 


which only changes arterial 
walls were found and thrombi. 

Protein levels the diets were not 
icant developed many rats 
groups fed food mixtures containing 
per cent protein those fed diets contain- 
ing per cent. Variations carbohydrate 
content the diets cannot correlated 
with results. probable significance were 
quantity and type fat, and supplements 
choline, thiouracil, cholesterol, and sodium 
cholate. 
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Opened left ventricle rat with 
large mural thrombus overlying myocar- 
dial infaret. 


rat with overlying mural thrombus. 
man, the mural thrombi rats are often 
not firmly attached the heart and become 
separated easily processing. Aldehyde 
fuchsin-van Gieson. 


(higher magnification) another rat that 
had myocardial Aldehyde fuchsin- 
van Gieson stain. 400. 


stained for fat accentuate infarcted 
area involving the apex the left ventricle 
and extending into the lateral wall and inter- 
ventricular septum. The right ventricle 
spared. Oil red 


Apical myocardial infarct involv- 
ing almost the entire thickness the wall. 


Fig. Renal infarct rat. Hema- 
toxylin and eosin. 40. 


Myocardium rat, from the 
edge infarct showing relatively normal 
myocardium adjacent necrotic myocar- 
dium with many inflammatory cells. Hema- 
toxylin and eosin. 100. 


Small coronary artery from rat 
showing large amount fat all coats. 
The amount stainable fat varied from 
that shown here none. Oil red 600. 


artery rat that had renal 
Note again (as the heart) the absence 
structural abnormalities the arterial wall, 
although some fat had probably been present 
before processing. Aldehyde fuchsin-van 
Gieson. 100. 
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MYOCARDIAL INFARCTION RATS 


The greatest number infarets were de- 
veloped animals fed large quantities 
either butter lard along with the choles- 
terol-elevating regimen (sodium cholate, 
But equally high level less saturated 
fat (20 per cent corn oil and per cent 
Crisco) did not have the same and may 
even have afforded protection against the 
thiouracil, cholesterol, and bile salt. Thus, 
high levels butter lard potentiated the 
tendency the diets produce The 
Although only 0.2 per cent choline was added 
the diet group (high butter) 
which almost many infarets developed 
group (high lard) given per cent 
choline, the total available content 
the diets was probably comparable. 
ing 0.2 per cent choline diet containing 
per cent casein makes its activ- 
ity not less than that diet containing only 
per cent casein and per cent soya 
protein supplemented with per cent cho- 
line. Thus appears from the results with 
groups and that the lipotropie supple- 
ments did not protect the animals from myo- 
cardial injury and may even have potentiated 
development lesions some The 
supplement choline chloride was varied 
groups II, (all per cent 
corn oil their only fat) from 0.0 0.2 
1.0. Four the rats these groups devel- 
oped all were group III receiving 
per cent choline supplement. However, 
the numbers are probably insufficient war- 
rant further conclusions regarding the effect 
lipotropie substances. 

Essential fatty-acid deficiency may 
factor the production myocardial infare- 
tion our rats. The fact that few rats de- 
veloped signs strongly suggesting essential 
fatty-acid deficiency may indicate that others 
were deficient lesser degree. are 
further investigating this aspect other ex- 
periments, but present are 
warranted. 

Experiments are progress for attaining 
clearer evaluation all factors. Until their 
results are available, the only conclusion per- 
that adequate levels protein, 


TABLE 


Incidence Myocardial and Renal 


VIL 0 1 0 1(10%% ) 


*Tnitially, each group contained male rats. 

surviving rats were killed after 131 days 
specified diets. 

levels the plasma were determined 
the end 131 days the number rats indicated 
parentheses. 


minerals, and vitamins including choline, plus 
generous amounts saturated fats animal 
origin diets containing thio- 
uracil, cholesterol, and acid, will, when 
fed rats, produce many them myocar- 
dial 

The absence structural changes arte- 
rial walls sites thrombosis consid- 
erable significance. reinforces our earlier 
suspicions that arterial plaques may not 
essential the pathogenesis coronary 
although their formation may play 
and may enhance their formation. 
Experiments previously reported es- 
tablish that butter( and probably other sat- 
urated fats animal origin) may affect pro- 
foundly the fibrinolytic properties blood 
vivo and vitro. the experiments re- 
ported herein, both coagulation and fibrinoly- 
sis the animals’ blood may have been al- 
tered significantly the various dietary regi- 
mens, that formation and persistence 
intravascular clots were favored. 

The method outlined may prove useful 
studying, experimental animals, the prob- 
lem prevention treatment heart dis- 
ease man. The resulting investigations 


may provide later date information 
more practical value, but the present time 
our results have application this major 
problem. 

Cardiae and renal infarets resulting from 

intravascular thromboses fatty, but other- 


wise normal, arteries many 


per cent rats fed various dietary regi- 
mens groups The infarcts closely re- 
sembled and renal man. 

Several dietary factors were employed and 
inadequately controlled these experiments, 
that evaluation their roles production 
diets containing thiouracil, cholesterol, cholic 
acid, and per cent butter lard when fed 

The method should prove useful for fur- 
ther study diet relation 
lar disease. 


INTERLINGUA 

Infaretos renal resultante 
thromboses intravascular sed 
alteremente normal arterias occurreva us- 
que pro cento del rattos gruppos deca- 
diae renal humanos. 

Plure factores dietari esseva introducite 
iste experimentos. Lor regulation 
adequate maniera que evaluation lor 
rolo production infarcimento myocar- 
dial difficile. Sed dietas continente thio- 
uracil, cholesterol, acido cholic, pro cento 
butyro grassia produceva infare- 
tos rattos intra inter septimanas. 

methodo promitte esser utilitate 
studios additional del dieta relation 
morbo 
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THE DISCOVERY AND EARLY DEVELOPMENT 
ANTICOAGULANTS: HISTORICAL SYMPOSIUM 


Guest Editor: M.D. 


Introduction 


EVERY CROSSWAY the road 

that leads the future, each progres- 
sive spirit opposed thousand men ap- 
pointed guard the past. have 
‘ear lest the fair towers former days 
sufficiently defended. The least that the 
immense dead weight which nature drags 
along. 

Let not say ourselves that the best 
always lies moderation, the decent 
average. would perhaps the 
men did not think much 
ower plane than needful. That why 
others think and hope higher 
than seems reasonable. The average, 
decent moderation today, will the 
human things tomorrow. the time 
the Spanish Inquisition, the opinion 
sense and the good medium was 
that people ought not burn too large 

number extreme and unreason- 
ble opinion obviously demanded that they 
burn none all. 

Let think the great invisible ship that 

irries our human destinies upon eternity. 

ike the vessels our confined oceans, she has 
sails and her ballast. The fear that she 

pitch roll leaving the roadstead 

reason for the weight the bal- 

ist stowing the fair white sails the 

epths the hold. They were not woven 


molder side side with cobblestones the 
dark. Ballast exists everywhere; all the peb- 
bles the harbor, all the sand the beach, 
will serve for that. But sails are rare and 
precious their place not the murk 
the well, but amid the light the tall masts 
where they will collect the winds 

These timeless words are from ‘‘Our Social 
Maurice Maeterlinck. 

This Symposium has been developed 
tribute those who did not them-- 
selves with the past but who pressed forward 
into the unknown, facing the risks failure 
even after years work, the painful criticism 
those defending the past, and, when things 
wrong, the self-examination that besets the 
investigator who works with human subjects. 

pay special tribute Dr. Jay 
who died November 14, 1957, after had 
come New York discuss with the 
plans for this Symposium. was very en- 
about the plan presenting the 
history anticoagulants those who created 
it. History too often written long years 
afterwards others who try recreate 
from masses papers which are usually in- 
complete. This results inaccuracies, which 
are then perpetuated. Jay McLean not only 
made basic contribution upon which the 
ception anticoagulant therapy rests but 
did this 1916 while working student 
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This should 
medical students. 

the selection the contributors this 
symposium, the editor was limited the 
space available. While serious effort was 
made those whose steps most sig- 
nificantly advanced the discovery, develop- 


Professor Howell’s laboratory. 


ment, application, and evaluation antico- 
workers whose contributions were important 
regretfully could not authors. 
References some their work may found 
the texts. 

The authors were write 


their experiences personal way. Their 


WRIGHT 


scientific findings have all been published else- 
where and are readily available, but what 
impelled them this direction, what they felt 
and believed they moved ahead, this only 
they can tell—others can never recapture 
the same degree. The versions not agree 
all respects. This was anticipated and 
attempt has been made reconcile the differ- 
ences. are honorable men they 
have told their story they saw it. The 
differences are like those common 
courtroom—the readers now and the future 
will serve the ultimate jury. 
theless profound relive this 


never- 


exciting phase medical history with those 
who made it. 
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The Discovery Heparin 


Jay M.D. 


result determination accomplish 
something own ability. Just when 
this motivation arose and what factors 
nurtured this determination, which was not 
necessarily fully developed before went 
Johns Hopkins, are date. 
lieve the mile posts were the death 
father, John McLean, M.D., when was 
old, the remarriage mother 
when was the earthquake fire San 
when was 15, the letter 
stepfather when was discontinuing any 
further support studies 1922, and 
talk with cousin, Herbert Evans 
(my father’s sister’s son), 
havior student Johns Hopkins. 

was reared without father, and child 
knows when there breadwinner rely 
upon. stepfather was unsympathetic 
plans for medical education Johns Hop- 
kins. The earthquake and fire San Fran- 
cisco 1906 stripped all accumulated 
assets; our house burned, 
place burned, and the outlook 
was 

Despite these handicaps, made the de- 
cision become physician during last 
year Lowell High School San Francisco 
(1908-1909). this time read Flexner’s 
Medical Education the United States. 
have remembered described the ‘‘chem 
one school ‘‘consisting cigar box 
broken test entered the University 
California Berkeley (1909), and while 
there firmly future Johns Hop- 
kins Medical School and career academic 
surgery. 

that time (1911) one enter the 
California Medical School with 
years college preparation, but Johns 
required least three. was 
the end sophomore year, May 1911, 


make the choice. stepfather argued 


hat the University California Medical 
had sufficed for father (M.D. 1867) 


75 


and for his year old brother, Robert Armis- 
tead (M.D. 1876), Professor Sur- 
gery and Dean, Emeritus, 1911. After his 
death 1918, was honored the medical 
literature First Master Sur- 

argument was that Johns Hopkins of- 
fered more preparation the field aca- 
surgery, that is, research and teaching, 
for lifetime career. Also felt deeply the 
responsibility being physician. doubted 
and deliberately chose the fiercest student 
competition, Johns Hopkins’ matriculants 
were meticulously chosen. 

stepfather had paid for board and 
room, $27.50, during freshman and sopho- 
more years college; the rest earned. 
offered continue this for four years 
eal school the University California 
San Francisco. had decided Johns 
Hopkins, his aid would stopped the end 
sophomore May 1911. 

Summer work would not yield enough 
was foreed leave college 
months. Some Sigma Chi Fraternity 
brothers were going the Mojave Desert gold 
mine, The Yellow Aster, for 
practical experience mining engineering. 
(twenty-five cents hour)—rose 
tender, apprentice miner, and then 
hand, where processed the ore into beauti- 
ful gold bricks. stayed there until August 
1912, fifteen months all, with enough money 
saved re-enter college then for the third 
year preparation for Johns Hopkins. 
spare time was devoted various part-time 
jobs. Robert Sproul, now President the 
University California, and both worked 
the office. did blood counts and 
urinalyses the College Infirmary, worked 
the Museum Invertebrate Zoology, and 
book-stores. also worked the decks 
ferry boats plying San Bay 
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lumberyards, and Railway Mail Clerk from 
Denver. All this was not new 
worked various odd jobs since 
the age twelve. 

the fall 1913 commenced final 
the University California which 
was concurrently first year medical 
student, and was graduated May 1914 with 
3.8. degree—but again. ill uncle, 
Robert Armistead McLean, sat with the fac- 
ulty the stage the Hearst Greek Theater. 
One subjects the first year medi- 
cine was physiology under Professor Maxwell. 
Howell’s textbook was used. was fascinated 
with the subject and its research possibilities. 
spare time was devoted job tech- 
nician the clinical pathology laboratory 
the College Infirmary. 

applied for admission Johns Hopkins 
but later learned that dean the Univer- 
sity California had written the dean 
Johns Hopkins that was not the kind 
man Hopkins sought.’’ addition, had 
money for the transcontinental journey, let 
alone the expenses for academic year 
Johns Hopkins. 

returned remunerative labor, this 
time drilling oil wells. Manual labor paid 
much more than collar and liv- 
ing costs were lower—hence producing greater 
savings for purpose. 

Again, after fifteen months work, had 
funds for one year medical school. Even 
though had been notified was not accept- 
able student Johns Hopkins, bought 
ticket from San Baltimore and 
went there after paying off senior class loan 
the University California. 

arrived Baltimore one Sunday morning 
Port Royall Station and trudged with 
the Washington Monument, the 
first erected him the United States, 
and the Stafford Hotel nearby. object 
going Baltimore, knowing that had 
been rejected for admission the second year 
was twofold. reasoned that could 
work year there well California; 
secondly, after 1914 graduation from the 
University California, Johns Hopkins had 
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added organic chemistry lab lectures 
requirement for admission. Working the 
oil fields, could not acquire this subject. 
could work Baltimore and 
make this Johns Hopkins University 
Homewood. 

Monday, the next day, went over Johns 
Hopkins Medical School and Hospital and 
introduced myself Mr. Coy, the Registrar, 
and Dr. Williams, the Dean. Then 
arranged share room Biddle Street 
with Irwin Schumacher, now the faculty 
the University California San Francisco. 
Arnold Rich, now Professor Pathology 
Johns Hopkins, and James Cash, now Profes- 
sor Pathology, University Virginia, were 
roommates next door. Mr. Coy was surprised 
see and asked had not received the 
letter denying admission. told him had, 
but figured working year; and started 
look for job. The next day word was 
sent see the Dean. was informed 
there was unexpected vacancy and had 
admitted the school the second year 
medicine. 

promptly paid the fees for year 
medical student, taking school 
courses. immediately called Dr. Howell 
and told him desire prepare for 
career surgery and that wished 
devote one whole year physiological re- 
search now. felt that could never 
after graduation for that would interfere with 
the house officer progress surgical staff. 
told him then that wanted problem 
could reasonably hope finish and publish 
one academic year entirely myself. 
wanted determine could solve prob- 
lem myself. told him savings would 
just last one year, and after that would have 
work year before returning school. 

gave the problem determining the 
value the thromboplastic substance the 
body. thought this kephalin (cepha- 
lin), obtained from brain but, course, knew 
the material from brain 
mixture—a crude extract, though powerful 
thromboplastic agent. made this macer- 
ating brain tissue, spreading glass panes, 
drying over gas flame oven, extract- 
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ing ether, decanting, concentrating the 
ther extract, and finally precipitation 
with aleohol. This precipitate was his throm- 
‘lotting experiments. was kept glass 
vessel with ground glass cover (vaselined), 
was observed that air decreased 
its ability accelerate clotting. 
months was decayed. 

problem was determine what portion 
this crude extract was the active accelerator 
the clotting process and that end, 
prepare cephalin pure possible and de- 
termine had thromboplastie action. 
was also test the other components the 
extract. was assigned 
sink and attached with 
shelf over the sink large student physi- 
ology laboratory (not used such then) 
across the hall from Dr. Howell’s office and 
private laboratory. 

Others working the department the 
time (1915) were Charles Snyder, Donald 
Hooker, Cecil and Mrs. Drinker, and Stanley 
Cobb. was held distantly them, except 
Dr. Snyder. They, with Dr. Howell, 
lunched together, but was not invited 
join them. was not colleague. This may 
also have been part because drying tis- 
sues produced all-pervading insufferable 
odor which penetrated throughout the labora- 
tories the floor and Dr. Abel’s laboratory 
the floor above! 


three 


the same time started the 
chemistry laboratory course, wipe out 
deficiency, and voluntarily took 
advanced course German, the better 
German chemistry literature 
lipoids. Hugh MacLean’s book, however, was 
English. 

was this determination become physi- 
surgeon rather than anatomy- 
based surgeon that led the discovery 
heparin. those days, 1912-1913, anatomy 
was considered the main foundation for sur- 
and father. 

key decisions were thus follows: 

Study medicine. 
Academic career. 


Johns Hopkins. 

Physiology. 

Investigate the brain and other organs for 
agents. 

Study for deterioration cephalin. 


Save these longer event heparin action came 
(dog experiment). 


1915 cousin, Herbert McLean Evans, 
M.D., Se.D., moved from Johns Hopkins 
the University California Professor 
Anatomy. met him for the first time the 
day before left for Baltimore. gave 
the following advice: ‘‘Ask questions but 
look for yourself what you want 
gave many letters instruction his 
friends, members the faculty Johns Hop- 
kins. for one Dr. Howell, did 
not present them wanted progress 
own efforts. 

worked nights, Saturdays, and Sundays 
and the first steps problem were com- 
pleted December 1915. still had enough 
money for board and lodging until June 1916 
could continue work research without 
receiving any stipend from the medical 
school. suggested Dr. Howell that 
might profitable extract the lipoids 
(phosphatides) from many different organs. 
tallized, one could not sure its purity 
and henee, its function the 
substance the body. However, the throm- 
activity brain extract were due 
some other adherent absorbed 
which did not contain such large amount 
cephalin the brain does. 

reading the German chemieal lit- 
erature phosphatides, found articles 
Erlandsen and Baskoff which they de- 
seribed extracts heart and liver 
process similar that for obtaining cepha- 
lin from brain. Therefore, these products 
might heart and liver cephalin, but were 
named cuorin (from the heart) 
phosphatide (from the liver) the name 
heparin. suggested this research problem 
logical supplement the problem Dr. 
Howell had given me. had not known 
about cuorin heparphosphatide. 
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first prepared cuorin. The final extract 
was brown, not white yellow like cephalin. 
was waxy. was powder. did not 
smell does cephalin and although 
accelerated the clotting blood somewhat, 
not powerful brain cephalin. 

then prepared heparphosphatide 
with similar result. the brain, the 
into hot alcohol), the weaker the thromboplas- 
tic activity became. The same process ex- 
traction was used for brain, heart, and liver, 
yet the brain, the end product was almost 
all cephalin, but the heart and especially 
the liver was something else which was 
mixed with cephalin. cephalin powerful, 
small amount gives ample evidence 
its power. Many batches were 
made both cuorin and heparphosphatide. 
this time, what little cephalin remained 
from former studies with brain tissue was 
deteriorated the process extraction plus 
air and time. was about the ex- 
traction cephalin from the uterus and skin. 
had saved batches cuorin and heparphos- 
phatide and from time time tested these 
serum plasma determine whether not the 
cephalin from the heart and liver deteriorated 
and lost its power did that 
from the brain. had not saved them, 
would probably not have found heparin. 

was fortuitous decision. All was 
trying prove was that ether-soluble, al- 
cohol-insoluble extract cephalin would 
celerate coagulation blood, and did. 

became interested the deterioration 
cephalin (an unsaturated fatty acid), which 
assumed became saturated exposure air 
(and purification). seemed 
sound determine the iodine number fresh 
cephalin various stages its decay down 
activity—about months—by exposure 
This Arbeit was completed and pub- 
lished the following year (1916-1917) the 
University Pennsylvania. 

The various batches were tested down the 
point activity, but two 
those first prepared appeared not only 
have lost their action, but ac- 
tually retard slightly the coagulation the 
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serum-plasma mixture. had mind, 
course, thought anticoagulant, but 
the experimental fact was before me; and 
retested again and again until was satisfied 
that extract liver (more than heart) 
possessed strong anticoagulant action after 
its contained cephalin had lost its thrombo- 
plastie action. 

first said nothing Dr. Howell about 
this. was not part planned problem, 
and took time satisfy myself. had been 
working alone, wise assisting Dr. How- 
ell. was then engaged much each day 
dark room watching-precipitates fibrin 
form through microscope. 

After more tests and the preparation 
other batches heparphosphatide, went one 
morning the door Dr. Howell’s office, and 
standing there (he was seated his desk), 
said, ‘‘Dr. Howell, have discovered anti- 
smiled and said, Antithrom- 
bin protein, and you are working with 
phosphatides. Are you sure that salt not 
contaminating your 

told him was not sure that, but was 
powerful anticoagulant. was most skep- 
tical. had the Diener, John Schweinhant, 
bleed cat. Into small beaker full its 
blood, stirred all proven batch hepar- 
phosphatides, and placed this Dr. How- 
ell’s laboratory table and asked him tell 
when clotted. never did clot. 

still did not believe that had discov- 
ered natural anticoagulant, but was this 
point that became associated research 
problem, namely the study the effects 
anticoagulating substance (heparphospha- 
tide), which gave greater yield 
anticoagulating potential than cuorin vivo 
dogs. When demonstrated new batches 
him vitro, and became satisfied that 
did actually inhibit the coagulation the 
serum-plasma test mixture well whole 
blood vitro, planned the first vivo ex- 
periment with dog and administered the 
heparin intravenously. 


(This was far Dr. progressed 
his history the heparin before 
developed his fatal illness and died November 14, 
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Preparation Heparin and Its Use the 
First Clinical Cases 


Best, C.B.E., M.D., D.Sc., LL.D., 


US, who were friends the 
late Dr. Jay McLean, had looked for- 
ward with great pleasure seeing him again 
this time and discussing the problems 
which occupied much his attention. 
all join Dr. Wright paying tribute Dr. 
McLean, the discoverer heparin, and 
Professor Howell and his colleagues, 
who extended this work and focused our at- 
tention many the most important prob- 
lems this field. number years ago Dr. 
McLean wrote and asked would 
take the responsibility for his collection 
notes and reprints and other documents relat- 
ing heparin. was honoured and extremely 
pleased accept this invitation. 

almost always true that very careful 
search the literature will reveal papers 
which anticipate, varying degrees, the dis- 
covery signal advance medical other 
sciences. 1912, Doyon! published paper 
which describes attempt isolate 
and characterize anticoagulant released 
the injection peptone dog. This work 
was interrupted World War There are 
number other intriguing findings the 
literature, for example that Schmidt? 
1892, but their could only ap- 
preciated after the discovery heparin 
Dr. 1916. 

November 14, 1940, Dr. Jay 
wrote long letter the whole 
history his work heparin, and great 
deal about his subsequent researches. will 
quote parts this letter. 


You may, however, interested know 
that the first presentation the anticoagulant 
society was made February 19, 1916, 
the Society the Normal and 


From the Department Physiology and Banting 
and Best Department Medical Research, University 
Toronto, Toronto, Canada, 


Physiology the University Pennsylvania. 
Richards, the Secretary was then Professor 
Pharmacology, and now Vice-President the 
University for the Medical Sciences. These talks 
were not published although the secretary may 
have record the minutes the Society 
the lack articles heparin the 
literature me, you may interested the 
following. When wrote the paper “The 
did not think that should include anything about 
the discovery the anticoagulant. felt that 
this should studied more thoroughly and paper 
written about later. argued, however, that 
had made this finding during that year’s 
work 1915-1916, and felt that should in- 
cluded record the work done during that 
period. felt this the more strongly because 
had already accepted Fellowship the Depart- 
ment Research Medicine the University 
Pennsylvania under Dr. Richard Pearce for the 
following year, 1916-1917 and therefore 
could not continue the work Baltimore. 
finally agreed permit its inclusion the body 
the paper. 

first, Howell was very skeptical 
that had found true anticoagulant. You know 
that from method preparation, was using 
very weak heparin and therefore its anticoagulating 
action was not noticed with the suddenness and 
exploding bomb. Furthermore, 
you will reeall that was searching for coagulants, 
not anticoagulant, and that the end point 
experiments was clot such promptly and 
solidly formed was only through 
very careful records, the saving the 
little tubes which tested the substances, and 
then repeating the experiments with the same lot 
material and finally making new preparations that 
gradually became aware that had anticoagu- 
lant. Naturally regard the statements the 
not correct. was “incidentally” the 
course the problem but not “accidentally.” 

You will find the beginning lab- 
oratory note-book, which sending you, the 
extent the problem Doctor Howell outlined 
his own handwriting, namely, “The preparation 
pure cephalin.” looking over this note-book, 
will you tolerantly excuse its lack 

regards the earlier studies with the anti- 
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coagulant, you might interested the 
one author calls attention the fourth sentence 
the first paragraph 1916 paper, which 
would give one the impression that Doctor Howell 
suggested that study cuorin and heparphosphatid 
for their action. The facts are that 
the problem Howell originally gave was simply 
make cephalin pure possible from the 
brain and test each fraction separated out 
the phosphatid group for its action. 
finished most this work between October and 
January first prepared cuorin Janu- 
ary 1916, and was January, February and 
March that established definitely its anticoagu- 
lating action, first cuorin and then heparphos- 
phatid. was not until later that Doctor Howell 
became actively associated work with the anti- 
coagulant intravascular injections and mechan- 

that might interest you. May however, 
offer suggestion which you may may not deem 
worthy mentioning your lecture. Doctor 
Howell has always been perfectly clear and fair 
his statements about the the anti- 
coagulant. the years by, more authors 
him with the discovery, apparently disregarding 
1916 publication and the statements made 
his 1917 and 1918 his Harvey 
Lecture, definitely states that this work was 
done me, and his 1918 paper you will note 
that says “In the course his (that Jay 
McLean’s) work, the anticoagulating action was 
Doctor Howell has always simply 
stated that and Holt “first heparin. 


Dr. McLean attempted several 
return active experimental work the hep- 
arin field but was engaged clinical practice. 

was apparent from correspondence which 
had with Dr. that had been try- 
ing interest the United States Public Health 
Service and institutions various other coun- 
tries doing something about the preserva- 
tion his notes, reprints, and other heparin 
memborabilia. finally decided send all 
these historical documents the De- 
partment Physiology and the Banting and 
Best Department Medical Research. The 
documents are now stored the Library 
The Charles Best Institute. 

had many friendly letters from Dr. Me- 
Lean. was most generous his apprecia- 
tion the contribution our group 
Toronto. May 1940, the discoverer 


heparin wrote, ‘‘I regard you and the work 
you stimulated Toronto have brought 
about the debut heparin for clinical 
colleagues, Arthur Charles, David Scott, 
Gordon Murray, Louis Jaques, and Per- 
rett, deserve very large share this praise. 

1918, Howell and Holt* proceeded with 
the extension work. They state, 
was first called this substance 
during some work done this laboratory 
Jay that is, the substance hepa- 
rin. Howell and Holt say that they 
the methods many different ways, 
and finally selected one which yielded reli- 
able preparation heparin. the copies 
these articles the files, there are 
many interesting marginal for ex- 
ample, Dr. has pointed out that this 
his work Professor Howell 
and Dr. Holt was really the first published an- 
nouncement the discovery heparin. There 
are many interesting points also Howell and 
Holt’s paper. They introduced, for the first 
time, the word had re- 
ferred these compounds carrying the anti- 
coagulant activity phosphatids from heart 
They found that heparin could 
prepared from lymph glands well from 
heart and liver, originally shown Me- 
Lean. The antagonism between cephalin and 
heparin the clotting system was described 
the Howell and Holt paper. has been 
questioned whether the material that Howell 
and Holt had was actually heparin, since 
was soluble the crude form 
now considered that probably was heparin, 
peated alcohol precipitations. 1922 and 
1925 described the preparation 
heparin more purified form and 1928 
published detailed report its chemi- 
cal and physiologic reactions. 

1924 showed that heparin would 
prevent the intravascular clot produced 
rabbits and dogs the injection thrombo- 
plastin from tissue extracts. These were true 
clots and not platelet thrombi. 1925 
close friend found that heparin 
was effective anticoagulant dogs and 
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was well tolerated. 1927, re- 
ported that the administration heparin did 
not prevent the agglutination platelets 
when blood was made pass through 
lodion tube. Thus seemed that heparin 
might anticoagulant but not anti- 
agent. 

Professor Howell undoubtedly anticipated 
many the developments which took place 
the future. expressed the hope that 
heparin would find suitable application 
experimental work and possibly the thera- 
peutic treatment disorders coagulation. 
Professor Howell thought not improbable 
that this substance might physiologic 
significance, and discussions coagulation 
the blood often referred heparin 
‘‘physiological 

While working Dale’s laboratory Lon- 
don 1928 had decided organize group, 
return Toronto, study the chem- 
istry and physiology heparin. Later that 
year, Dr. McHenry and eager use 
effective anticoagulant our histaminase 
work, found possible prepare active frac- 
tions from liver Howell’s method. 
little later made comprehensive study 
the literature and apparent that 
very little work indeed was being done this 
field. potent anticoagulant that could 
used for long continued administration ani- 
mals, was not available. anticoagulant 
preparation was safe for work and 
none was being used. the Connaught 
Laboratories had been intimately concerned 
with the preparation insulin and liver 
extract for administration human patients 
and visualized similar advance the hep- 
arin field. Progress was, apparently, also in- 
hibited the lack evidence 
that heparin inhibited platelet agglutination 
well coagulation. 

was obvious that further chemical work 
the purification heparin must precede 
and clinical studies. 1929 
was able interest young chemist, 
Mr. Arthur Charles, this problem, and 
made some preliminary studies with the 
Department Physiology and then joined 


forces .with colleague long standing, 
Dr. Scott. From that time the chem- 
ical work heparin was conducted the 
Connaught Laboratories, which was then 
Assistant Director. 

November 10, 1931, wrote Professor 
Howell: 


would very much appreciate your opinion 
with regard several questions connection with 
heparin. During the last few years have been 
using great amounts this material physiologi- 
and bacteriological work. Quite recently, one 
the junior members the Connaught Labora- 
tories, which, you know, are department 
the University, has interested himself, sug- 
gestion, the preparation heparin from beef 
liver. now position make fairly 
large amounts the material which least 
potent that distributed Hynson, Westcott 
and Dunning. One half gram this material 
being forwarded you under separate cover. 
Would you have any objection this material 
should sold the Connaught Laboratories? 
(Now the Connaught Medical Research Laborator- 
ies whose objectives are the support research 
the sale biological products the lowest 
possible price.) believe that the price would 
much more reasonable. you know, there 
very high tariff biological products going into 
the United States there very little likelihood 
any interference with American business 
Hynson, and Dunning. 


November 14, 1931, received the fol- 
lowing reply from Professor Howell 
his own handwriting. 


interested and pleased know that you 
have got usable preparation heparin out 
beef liver. never could make that give 
decent preparation. your selling it, there 
feared, times, that the Hynson, Westeott and 
Dunning firm would give its production, they 
always claimed that was losing proposition 
them, may well have another source. 
have been very anxious for them market 
purified heparin, 1:50 100, but. the 
method gave them makes their product too 
expensive, they think. 


The work heparin the University 
Toronto was the product activity three 
departments—Physiology, the Connaught Lab- 
oratories and the Department Surgery. 
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Dr. David Scott and Dr. Arthur 
were extremely their chemical 
work during the years 1933 1936. The 
most important and novel steps the prepa- 
ration and purification heparin which they 
introduced were (1) the finding that autolysis 
heparin, (2) the discovery that beef lung 
vielded almost much heparin liver—this 
made possible use much cheaper source 
raw material, (3) the finding that the de- 
struction protein trypsin the erude 
protein-heparin complex, was extremely 
important factor the further purification 
the anticoagulant, (4) the preparation 
crystalline material the barium salt—they 
found that this purified material was uni- 
form composition and potency. The Danish 
workers, Schmitz and had isolated 
1933 the anticoagulant material from dog’s 
liver the brucine salt. Neither the brucine 
salt nor the barium salt 
any large-scale production. Somewhat later 
Charles and Scott were able convert the 
crystalline barium salt heparin into the 
sodium salt. 

The labels the bottles heparin pre- 
pared Hynson, Westcott, and Dunning 
from dog’s liver Howell’s procedure, stated 
mg. will prevent the coagulation 
cat’s blood the cold.’’ Charles and 
used this preparation reference standard 
and assigned potency units per mg. 
terms this material the potency the 
barium salt was 110 units per mg. 
but for simplicity Charles and 
decided assign the figure 100 units 
per mg. The material provided for the inter- 
national standard heparin was the sodium 
salt prepared from the barium 
salt. The potency the international stand- 
heparin was defined 130 units per 
mg., that is, there are 130 arbitrary units 
heparin per mg. the international yardstick. 
caleulated that the potency the inter- 
national standard times that the early 
Hynson, and Dunning preparation. 
The Connaught Laboratories Toronto have 
made two international biological standards— 
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the one for insulin and the one for heparin. 

addition obtaining heparin highly 
purified form thought that another point 
should settled before the anticoagulant 
should submitted for clinical trial. This 
was the ability inability heparin pre- 
vent the agglutination platelets, which 
the first step the formation thrombus 
distinguished from clot. 

1929, the year after started our work 
heparin, Professor Gallie, Head 
the Department Surgery Toronto, nom- 
inated Dr. Gordon Murray collaborate with 
workers who were investi- 
gating the effects heparin the prevention 
experimental thrombosis. was fortunate 
having department that time, Dr. 
Perrett Fellow from the Department 
Surgery. was also fortunate having 
pupil who was taking his doctor’s degree 
physiology. This student soon became col- 
league the heparin work and very close 
friend. was, you know, Dr. Louis 
Jaques, who later became the Head the 
Department Physiology the University 
Saskatchewan and international author- 
ity many aspects clotting and 
thrombosis. Dr. Jaques, among the other 
services which rendered our department, 
sent one his own pupils, Dr. Frank 
Monkhouse, who received his Ph.D. Physi- 
Monkhouse is, therefore, grand- 
son and he, his turn, has become author- 
ity different aspects the great field 
blood coagulation and thrombus formation. 

The work the effect heparin ex- 
perimental thrombosis begun 1929, was 
pushed forward Dr. Murray, Dr. Jaques, 
Dr. Perrett, and myself. found that the 
incidence obstruction peripheral veins 
dogs thrombi formed result me- 
chemical injuries the intimal 
surfaces the blood vessels was definitely 
decreased when solutions purified heparin 
were administered before and for long periods 
following the injury. These results were ob- 
tained studies some 300 veins. Thrombi 
were not observed even after very severe 
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chemical injury while the animal was well 
heparinized. found that the intimal sur- 
faces veins removed from heparinized ani- 
mals several days after the injection hep- 
arin had been discontinued appeared, 
examination, have recovered 
completely from the injury. The microscopic 
examinations revealed, some cases, minute 
masses platelets, filling small 
the intima. Healing was, however, complete 
judged the absence thrombus formation 
after discontinuing the anticoagulant. 

The experimental evidence the preven- 
tion thrombus formation initiated plate- 
let agglutination, was completely satisfactory 
before attempts were made apply solutions 
purified heparin clinical problems. 

various stages the purification hep- 
arin attempts had been made use the ma- 
human patients. 1924 used 
material and obtained reactions which varied 
from slight chills severe headache and high 
fever and nausea. 1928 used some- 
what purer heparin and reported slight re- 
the use heparin human patients, and 
although found low levels toxicity, the 
preparation used was extremely and 
low potency. 1936 Hedenius and Wilan- 
studied coagulation times healthy 
human subjects. They found that heparin 
produced ill when the material was 
given intravenously. This heparin was ob- 
tained from Dr. Erich Jorpes and was made 
the Charles and Scott procedure. 

The work heparin Toronto, begun 
1928, proceeded steadily. With each advance 
purification we, Murray, Jaques, Perrett 
and Best, studied the effect experimental 
thrombosis and Dr. Gordon Murray made 
trials beginning May 1935. When 
the crystalline sodium salt became available 
proved safe and effective for the 
heparinization patients. 

May 1935, Dr. Jorpes wrote 
from Stockholm his own hand. 


report about heparin, and would like use this 
opportunity thank you for all the hospitality 
shown and Mr. Bjurling during our visit 
Toronto 1929. have greatly benefited 
from your experience the manufacture 
insulin. 

The heparin work has been very hard task. 
For very long time believed that prepara- 
tions were only impurities compared with those 
Charles and Scott. greatly admire their 
working capacity. They have opened this field, 
which before them was quite hopeless. 


May 28, 1935, answered. 


work heparin recently; matter fact, 
have been administering some human sub- 
jects. hope that will see you the Physio- 
logical Congress Russia this summer. 


the time this letter there had been 
published reference the use highly 
purified heparin cases but Dr. 
Jorpes has written, the idea using heparin 
prevent the formation thrombi was the 
minds all who came close touch with the 
problem. Its realization merely depended 
the availability satisfactory preparation 
heparin. The clinical problem was attacked 
Toronto and Stockholm, soon pure 
heparin was obtainable. The studies Cra- 
and later other workers Sweden, 
were proceeding the same time those 
Dr. Gordon the Toronto General 
Hospital. The results obtained clearly indi- 
that certain types clinical thrombosis 
prevented the treatment with 
purified heparin. These findings were made 
possible the preparation pure heparin 
from beef liver lung. The word pure 
used here indicate uniform preparation, 
standard potency, and free from toxie 
ponents rather than the true chemical sense. 

Dr. Jorpes and his colleagues have made 
very large number fine contributions the 
heparin field. The cellular origin the 
anticoagulant, the chemistry, the mechanism 
action, the clinical use great variety 
conditions, and many other subjects have been 
illuminated the work this group, which 
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monographs. have had the pleasure know- 
ing number the Swedish ‘‘anticoagula- 
addition Dr. Jorpes. Dr. Per 
Hedenius and the late Dr. Hjalmar Holmgren 
have been particularly close friends. 

Our present knowledge the chemistry 
heparin has been summarized Dr. Arthur 
The carbohydrate moieties are 
acid and glucosamine which are 
present the molecular ratio 1:1. The 
carbohydrate highly sulphated. The amino 
group not free and does not appear 
acetylated mucoitin chondroitin sul- 
phate. has been presented which 
indicates that the nitrogen sulphated.’’ 

The availability well standardized hepar- 
not only made possible the clinical work but 
very great deal experimental study. With- 
out this potent heparin the exchange trans- 
fusion experiments, carried out Thalhimer, 
Solandt, and would not have been 
possible. The use the artificial 
kidney Kolff and Holland and 
Dr. Gordon Murray also 
depended purified heparin. will not at- 
tempt make complete list the advances 
which the availability potent purified hep- 
arin has facilitated. 

There will obviously not time follow 
detail the many lines interest which de- 
veloped the middle 1930’s. Members our 
own group were interested the source 
heparin and its appearance blood pep- 
tone and anaphylactic shock. The work 
Witte’s peptone goes back the publication 
shown that injection the material dogs 
produced shock and the 
blood. 1909 and found that 
the blood failed clot shock. 
Professor Howell® 1925 and 
1936 had obtained anticoagulant preparations 
from dog’s blood after injection peptone. 
The subject was further advanced Wilan- 
1939, who isolated heparin amounts 
sufficient explain the coagulation deficiency. 
Waters, Markowitz, and our lab- 
oratory, showed 1938, that the incoagulabil- 
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ity the blood, both peptone shock and 
anaphylactic shock dogs, was completely 
inhibited protamine. The dramatic neu- 
tralization the effect heparin prota- 
mine had been shown and 
1937. 1940 Jaques and is- 
olated barium salt pure heparin from the 
blood sensitized dogs given serum albumin. 

Another point interest our laboratory 
was the destruction heparin 
material prepared form rabbit’s liver. This 
suggested the name for this sys- 
tem. The use silicone preventing clot- 
ting was introduced Jaques, Fidlar, Feld- 
1946. This was great improvement over 
vaseline paraffin, which, course, had been 
used ever since the work 
1888 and Bordet and Gengou* 1901. 
very great many experiments have been fa- 
cilitated the use silicone coating glass 
tubes, needles, and other apparatus. 

The experimental work which So- 
landt, Reginald Nassim, and did* the 
prevention coronary thrombosis and intra- 
mural thrombosis dogs the administ 
tion heparin, fascinated until problems 
military medicine diverted our attention 
1939. Dr. Solandt and deseribed 
method which gradual occlusion coro- 
arteries thrombus formation may 
produced animals. The 
thrombus formation and the resulting cardiac 
were very large part prevented 
the administration adequate amounts 
highly purified heparin. discussing the 
possible clinical application our findings 
wrote, 1938, the clinical investiga- 
tion cardiae cases should initiated, the 
necessity for studying very large numbers 
and heparinizing only alternate cases 


the investigation which Dr. Solandt and 
made with Dr. Nassim, evolved method 
which mural thrombi could pro- 
animals. These thrombi were form- 
very rapidly and there was very dramatic 
and extensive fall blood platelets during 
The formation the mural 


this interval. 
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thrombi could completely prevented the 
administration adequate amounts highly 
purified heparin. We* wrote that time, 
1939, over ten per cent the deaths 
associated with coronary thrombosis man 
are caused sequels mural throm- 
bus formation, clinical trial heparin 
indicated.’’ 

There was attempt, Toronto, apply 
some these results, but comprehensive 
investigation was found possible that 
time. 1948, Wright, Marple, and 
wrote, ‘‘The possibility preventing the ex- 
tension coronary thromboses and the de- 
velopment mural thrombi the presence 
myocardial the use anticoag- 
ulants was suggested Solandt, Nassim and 
1938 Their observations were not 
applied human beings any significant 
scale because the difficulties and the risk 
felt inherent the use heparin 

When purified heparin became available 
Toronto requests for this material for experi- 
mental and use came from many parts 
the world. One the earliest was from 
Dr. Leo Mayer who wrote December 21, 
1938, Irving Wright the New York 
Post Graduate Hospital has suggested the 
The patient was Mr. Arthur Schulte. re- 
member sending heparin Dr. Ravdin 
Philadelphia who needed for the post- 
operative treatment brilliant young 
tor who had saddle embolus the bifur- 
cation his aorta. Many surgeons and 
physicians came Toronto the 
clinical problems with Dr. Murray, phys- 
chemical matters with our group. 
remember many these men vividly—Dr. 
Essex and Dr. Priestley the Mayo Clinic 
and Dr. Lahey Boston were among those 
who came from this country. 

The interest heparin continues grow. 
Dr. Jay McLean was undoubtedly fascinated 
the effect heparin the clearing 
plasma, first demonstrated 
and the great volume recent literature 


the effects the anticoagulant fat mo- 


Heparin has thus already removed many 
barriers the free flow knowledge but 
are still the early stages appreciation 
its and significance. 
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Heparin: Mucopolysaccharide and Active 
Antithrombotic Drug 


EPARIN, like many other biological 

substances, was discovered incidentally. 
William Howell, professor physiology 
Johns Hopkins University, Baltimore, was 
1916 trying isolate thromboplastin, 
accelerator the coagulation the blood, 
from the phosphatide fraction the liver and 
the heart. His co-worker, Jay found 
instead substance, later called heparin, 
which retarded the coagulation blood. 
unexpected was the finding made almost 
years later 1935 that heparin muco- 
polysaccharide esterified with acid 
quite extraordinary degree. 
The Chemical Nature Heparin 


The closest chemical neighbor heparin, 
chondroitin sulfurie acid, was the 1920’s 
spite its interesting chemical composition 
still not easily accessible. shared with the 
acids the property being macro- 
molecular ester strong mineral acid, 
this case sulfuric acid. 1928, sueceeded 
furie acid having almost theoretical 
tent ester sulfate adsorbing the proteins 
kaolin. This preparation was then used 
our laboratory reference substance for 
checking the methods used for the quantitative 
analysis acids. 

Among other natural products analyzed for 
acids also included 1934 the hep- 
arin, claimed Howell give 
color reaction for acid. Heparin had 
been isolated 1933 highly purified state 
Charles and Toronto. fact, the 
Tollens-Lefévre showed considerable 
content acid heparin, content 
activity, making almost per cent the 


From the Chemistry Department II, Karolinska 
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dry substance the purest heparin prepara- 
tions. 

The Tollens-Lefévre technic quite reliable 
and easy perform. The same could not 
said about the methods applied for the biologi- 
cal assay heparin. Cats were not easy 
get, and was difficult find the operating 
room and the assistants needed. easier 
solution was then found. Series test tubes 
containing glass bead and serial dilutions 
heparin solutions were filled early the 
morning with fresh blood the slaughter 
house, and readings the coagulation times 
were made intervals during the day. 
day several heparin samples unknown 
strength could compared with standard 
heparin practically without any cost. This 
technic opened the field for further experi- 
mentation larger scale. 

The purified heparin samples were found 
contain large quantities hexosamine, 
which was later shown glucosamine, 
amounting one mole hexosamine per 
mole acid. that time, 1933, 
son and Morgan had improved the Zucker- 
kandl-Klebermass method 1931 for the 
quantitative analysis hexosamines. also 
believed that had found acetie acid 
third component like that the chondroitin 
sulfurie acid, but this assumption, based 
faulty technic, soon proved erroneous. 

The organic skeleton heparin thus showed 
similarity that the chondroitin 
acid. This acid, however, has anticoagu- 
lant activity. The analysis the ash, which 
amounted not less than per cent 
the different preparations the purified hep- 
arin, then gave the key the problem. was 
found consist sulfates exclusively. The 
sulfate was precipitable with barium chloride 
after the heparin was first hydrolyzed with 
mineral acid. This indicated ester linkage 
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the sulfates similar that the chondroi- 
tin sulfurie acid. Now, when the sulfur anal- 
ysis indicated sulfate content about 
per cent the purified heparin, 214 times 
more than chondroitin acid, diffi- 
culties arose convineing workers 
field that such compounds could exist na- 
ture. was easy matter, however, 
induce anticoagulant activity ordinary 
treating them with chloro- 
sulfonie acid. 

almost the same time, 1938, however, 
Soda and Egami Japan found the viscer- 
hump mollusea, Charonia lampas, 
similar compound, polysaccharide contain- 
ing per cent sulfur ester sulfate. 
Many years later, 1947 1950, Vasseur 
Sweden showed that the mucous layer sur- 
rounding the sea urchin eggs contains plenty 
polysaccharide esters with 
ester sulfate content about the same order 
that heparin. The skeleton 
these compounds built hexoses and 
methylpentoses, varying for different species. 

was thus evident that heparin belonged 
group natural substances called muco- 
polysaccharides containing hexosamine and 
uronie acid, and that like- 
wise highly esterified with sulfuric acid can 
synthesized even invertebrate animals. 
One detail, however, the chemical structure 
heparin unique, the sulfamide amido- 
sulfurie acid group. heparin, sulfuric 
acid group linked the amino group the 
Japan 1940 and Wolfrom the U.S.A. 
1943 and finally demonstrated our group 
1949. 

may not quite out place point 
out that neglected elementary analysis, 
this case the sulfur analysis, evidently delayed 
the elucidation the chemical nature hep- 
arin, means uncommon fatality. 
Liebig himself missed the acid 
his inosinie acid, the first nucleic acid de- 
Fifty years later was shown 
nucleotide. The sulfur content taurine 
was likewise overlooked Pelouze and Dumas 
1838. Also the sulfur the 
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pentose the yeast was missed, and made 
the sugar difficult identify until the sulfur 
was found Zuzuki and Mori 1926. Two 
oxygen atoms put into the place sulfur 
atom made the elementary analysis fit. Even 
the sulfur vitamin escaped detection 
when the newly crystallized vitamin was ana- 
lyzed Jensen 1926. 

must pointed out however that Howell, 
although being physiologist, did not miss the 
sulfur the ash after igniting the heparin 
preparations, but found quite natural 
speak about the ash contamination 
the samples. 


and the Mast Cells Ehrlich 


1936 the Stockholm group found that the 
heparin produced the mast Ehr- 
lich, discovery which gave rise over- 
whelming literature dealing with these cells. 
Lison’s finding 1933 that the purple meta- 
staining cartilage and mucous 
membranes given toluidine blue due 
the ester sulfate group chondroitin sulfuric 
acid caused apply the reaction hep- 
arin. With heparin was 100 times stronger 
than with the chondroitin sulfurie acid. 

stimulating observation was made when 
swine aorta was immersed for short 
while 0.01 pro mille solution toluidine 
blue. The most brilliant color purple lila 
was developed the inside the aortie in- 
tima. immediately anticipated that the 
heparin should form superficial layer inside 
the aortic wall which with its ionized ester 
sulfate groups could exert some kind repel- 
lent action. Unfortunately for the hypothesis, 
the metachromatic staining was due the 
chondroitin acid present the 
intima. 

The location the heparin the mast 
cells Ehrlich was made Hjalmar Holm- 
gren, assistant the Histology Department 
our Institute. When asked him locate 
the heparin the body means the meta- 
reaction, could the next morning 
inform that the mast Ehrlich, 
kind cells quite foreign the Chem- 
istry Department, were carrying the heparin 
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their granules. The quantitative analysis 
performed Wilander also showed times 
more heparin the Glissoni, the liver 
capsule, which extremely rich mast 
than the liver parenchyma itself. Since 
that time much, possibly too much, has been 
written about these cells and many more fune- 
tions have been assigned them than the 
order Nature reasonably can have bestowed 
upon them. 


Clarence Crafoord, the well-known Swedish 
surgeon, had drawn attention him- 
self already very young physician through 
his numerous pulmonary embolectomies (be- 
tween and 30). What would more nat- 
ist and ask him get out the heparin 
Howell tried prophylactic against 
pulmonary embolism. This was fact what 
Crafoord did 1929. The only answer 
could give him was unfortunately, pos- 

1935 instead could approach him 
the Sabbatsberg Hospital and ask him try 
out our heparin preparations 
the meantime Hedenius and Wilander had 
performed the first intravenous heparinization 
themselves outside the hospital. Their 
finding that 100 mg. mere heparin are 
needed for heparinizing human being for 
few hours caused first almost desperate 
feeling. seemed impossible get 
sufficient material for heparinization 
large scale. All the work the chemistry 
heparin had been performed Gm. 
could not anticipate that time that 
cooperation with pharmaceutical house, 
Vitrum AB, Stockholm, within few years 
should able produce Kg. more week 
the new substance. 

Crafoord immediately started series ex- 
periments heparinizing patients postopera- 
tively. Many older colleague shook his 
head and expressed his dislike such experi- 
ments, which the patients were ‘‘made 
for time. Crafoord, anyhow, 
fulfilled his intentions and treated 325 pa- 


tients with heparin postoperatively. His col- 
league, Per Wetterdal, the Gynecology 
Department the same hospital, contributed 
another 231 cases and Leissner the Matern- 
ity Clinie the University heparin- 
ized 309 patients post partum. total, about 
800 cases were thus given heparin after opera- 
tion childbirth. high throm- 
bosis, least per cent and possibly still 
higher, was expected Crafoord’s series 
untreated consisting only patients over 
years age and with operations known 
followed relatively high percentage 
thromboembolic complications. Practically 
Wetterdal’s and Leissner’s series comprised 
only selected cases expected give high 
frequency thromboembolism, complica- 
tions were observed during the first 
days after operation delivery. Among the 
657 (325 140 192) cases receiving 250 
mg. more heparin daily for 
days signs thrombosis oceurred. 

Similar experiments were the same time 
going Toronto, Canada. order 
demonstrate the usefulness heparin in- 
hibiting thrombosis series animal experi- 
ments, initiated 1932 the Department 
Surgery the General Hospital, 
was performed close conjunction with the 
chemical work heparin the Connaught 
Laboratories the University Toronto. 
These experiments were reported Murray, 
Jaques, Perrett, and Best 1936 and 1937. 
1938 Solandt and Best published their well- 
known paper about the dissolution fresh 
thrombi the coronary arteries dogs 
perfusing the vessels with dilute heparin 
solution. Gordon Murray the Toronto 
General Hospital contributed first 260 
cases and then total 400 cases treated pro- 
phylactically with heparin. reported re- 
sults equally good the Swedish group. 

Thus the postoperative course the more 
than 500 controlled cases Cra- 
foord and Wetterdal, supplemented the 
309 cases Leissner and the 260 cases 
Murray and MacKenzie, total 1,151 pa- 
tients, seemed prove that heparin, rou- 
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tinely used over sufficient length time, 
gives almost complete protection against 
thromboembolic complications after surgical 
operations and childbirth. 


Anticoagulant Therapy Thrombosis 


result the lively interest heparin 
following Crafoord’s first publication the 
spring 1937 heparin treat- 
ment man and our discovery the connec- 
tion between heparin and the mast cells the 
same year, physician Stockholm, Holmin, 
later the vear tried the new remedy 
case fresh acute thrombosis the central 
retinal vein young person. Well aware 
the hopeless prognosis, gave tentative 
dose pure heparin intravenously 
times daily over period days beginning 
the third day the illness. 

Ploman describes the course this case 
quite unusual, for the patient regained vis- 
described and William-Olsson, 
where the lesion was month old, visual acu- 
ity rose from 0.1 0.4 days and later 
0.6. The unusual course these consecutive 
cases made these ophthalmologists inclined 
ascribe the result the treatment with hep- 
arin. 

the same year Magnusson (1938) used 
heparin successfully case thrombosis 
the -posterior inferior cerebellar artery, 
Wallenberg’s syndrome, disease which 
regression unusual. 1938, Murray and 
Best reported cases spontaneous throm- 
bophlebitis and cases pulmonary embolism 
treated with heparin. All the cases embo- 
lism showed rapid clinical improvement, and 
the cases spontaneous thrombophlebitis 
showed evidence embolism, and the 
ical signs and symptoms, pain, swelling, ten- 
derness and fever, appeared show more 
rapid improvement than control group. 

his second paper Crafoord (1939) stated 
that had given heparin patients with 
manifest, thromboembolic complications. 
some these both the general and local symp- 
toms receded strikingly rapidly. 

Sweden, Magnusson (1940) administered 
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heparin woman with severe pulmonary 
embolism and thrombosis both legs, 
postpartum The tem- 
perature became normal few days and the 
patient, who had been ill for weeks with re- 
peated recurrences and was 
very emaciated, recovered. 


After these most and very con- 


preliminary experiences with heparin 
discussion the anticoagulant therapy was 
broadened and taken larger seale 
different parts the world. was quite evi- 
dent that there could question about 
general prophylactic heparinization. Early 
rising after operations and childbirth makes 
such measure superfluous except some 
cases with pronounced tendency throm- 
bosis. Then Karl Paul Link’s work, leading 
the discovery and synthesis Dicumarol, 
broadened the field highly desirable way 
making prolonged anticoagulant therapy 
possible. The easily accessible oral drug also 
proved prerequisite for long-term prophy- 
lactic treatment. 

may added here that active movements 
and early rising from the bed are now gener- 
ally and strictly applied most 
countries. The question then arises what 
extent the beneficial effects the anticoagu- 
lant therapy observed are due the antico- 
agulants the movement therapy. fact 
the most critical observers Denmark, the 
country Hans Christian Andersen, have 
spoken about the Emperor’s New Clothes 
thinking the advocates the anticoagulant 
therapy, very sound criticism indeed. With- 
out active movements and early rising from 
the bed the effect the anticoagulant treat- 
ment would certainly not have been good. 

fact impossible evaluate these 
experiences correctly. The 
however, that thrombosis can prevented 
through prophylactic heparinization. 
anticoagulant therapy thrombosis, must 
also kept mind that prior this therapy 
thrombosis the veins the legs used 
painful and the legs swollen that there 
could thought active movements and 
early rising. Anybody treating severe leg 
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thrombosis pulmonary embolism with hep- 
arin will soon impressed the ameliora- 
tion the pain and the feeling oppres- 
sion, and the disappearance the swelling 
the leg. would also have been deplorable 
the medical profession had been unable 
detect the value the movement therapy 
without the stimulant the new anticoagu- 
lant therapy. Until the most recent years 
patients were kept bed for 
weeks. 

Under the influence this discussion 
decided treat series cases acute 
thrombosis without heparin. The first patient 
was sent home and instructed move around 
much possible. few days later she 
came back with florid phlegmasia alba do- 
lens. His series comprised only this case. 

the beginning the 1940’s the large- 
clinical experiments with the anticoagu- 
lant therapy had begun Sweden 
Bauer, Zilliacus), the U.S.A. (Allen, 
and Barker, W., Wright, and 
Takats, G.), and Switzerland (Merz, 
W.). Heparin and Dicumarol thereby left 


their eradle, the laboratories physiologic 
and chemistry. They both proved 
valuable enough keep their position 
world where new products 
ish and disappear continuous stream. 
almost immense literature already tells their 
story. 

speaking about the cradle heparin 
not out place mention that the writer 
had the pleasure being able inform Wil- 
liam Howell Johns Hopkins University 
during his last years about the successful 
progress the anticoagulant therapy this 
part the world. Needless say, these re- 
ports were welcome. They told him that some- 
thing permanent value will remain 
result his contributions physiology. They 
might also some extent have enlightened 
those dark days during the war, that 
April 11, 1942, when wrote, this 
killing and shooting all over fear that 
this world will not such pleasant place 
have great regrets leaving it, although 
would dearly love know what steps will 
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The Development and Use the Prothrombin Tests 


PROLOGUE 
Take from the altar the past, 
the fire—not the ashes. 
Jean Jaures 


the end the last century, the fire 
the altar coagulation was burning briskly, 
for had been well fed with the fuel ideas 
and experimental findings such workers 
Buchanan, Schmidt, Hammarsten, Pekel- 
haring, Arthus and Pagés, and Morawitz. 
After 1900 the flames began die down, 
partly because fewer new ideas were forth- 
coming and partly because the fire was 
smothered confused theories and poorly 
executed experimental work. 
instruments precision the pipet and the 
stopwatch had not generally found their way 
into the and laboratory 
the workers were content measure volume 
drops and record reaction times min- 
utes and hours instead seconds. Fortu- 
nately, there remained the embers much 
that could rekindled. 1890 Arthus and 
Pagés! had discovered that the blood 
incoagulable when sodium oxalate was added 
and that the addition calcium restored 
clotting. Twenty years later employed 
the principle timing the clotting recal- 
cified plasma, and shortly thereafter 
standardized the method and demonstrated its 
usefulness. believed that the test was 
measure prothrombin. Since the clotting 
time recalcified plasma prolonged 
hemophilia, concluded that prothrombin 
defect for the abnormal coagula- 
tion this disease. Later, however, and 
Cekada‘ obtained evidence that the prothrom- 
bin was normal hemophilia. This conflict 
made the interpretation the test difficult 
and resulted considerable confusion because 
the procedure continued called pro- 
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thrombin test. 1929 Bancroft, Kugelmass, 
and Stanley-Brown® employed the test 
study thrombosis and certain bleeding states. 
They observed delayed clotting hemo- 
philia and also number jaun- 
dice. Nygaard® the Mayo confirmed 
the delayed clotting plasma 
jaundiced patients. that the 
coagulability was decreased, but refrained 
from offering any explicit explanation. This 
understandable when one that 
this time the classical theory, which eventu- 
ally furnished satisfactory 
answer, had won little recognition America. 


Act 


1932 the stage was set for new attack 
the problem the coagulation the blood 
and the diseases. One scene 
was the State University Iowa the 
laboratory the Pathology Department, the 
other little corner the laboratory 
the Fifth Avenue Hospital New York. Since 
played active role the latter scene, 
easiest tell the story the first person. 

already mentioned, Dr. Bancroft and 
Dr. Stanley-Brown had begun study the 
coagulation the blood with the aim at- 
tacking the problem postoperative throm- 
bosis. They had obtained grant money 
from Mrs. Blossom, Cleveland, for this 
investigation which enabled them pay 
full-time fellow. learned this through 
teacher and friend, the late Dr. Joshua 
Sweet, and when was offered the opportunity 
work with them, accepted with some hesi- 
tation and trepidation for knew nothing 
about blood coagulation. 

From Mrs. Charlotte Breitung, the tech- 
nician, learned the the clotting 
time plasma. the studies 
progressed, confirmed what Dr. Bancroft 
and his associates had already reported, 
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namely, the prolonged clotting time hemo- 
philia and certain patients with obstructive 
jaundice. Difficulty was encountered, how- 
ever, when attempted correlate throm- 
with shortening the clot- 
ting time plasma. became 
obvious that the test had rigidly stand- 
ardized. this had know more about 
the theory blood clotting and also gain 
additional practical experience. 

meeting the first requirement, had the 
good fortune have the Academy Medi- 
cine with its excellent library within walking 
Evening after evening struggled 
find way through the maze conflicting 
theories. say that the current literature 
that period was bewildering under- 
state the facts. few investigators denied 
even the existence prothrombin. Fortu- 
nately, however, had written 
excellent review which summarized the earlier 
literature blood For the first 
time, became familiar with the classical 
theory Morawitz and Fuld and Spiro. 
Gradually, the confusion cleared became 
converted the creed the classical theory. 
The bewilderment encountered reviewing 
the literature was worse than own 
groping the laboratory. Dr. Stanley-Brown, 
Mrs. Breitung, and began study various 
problems such the effect splenectomy 
the clotting time, the changes the blood 
caused injection heparin, and the rela- 
tion prothrombin the end piece com- 
plement. While made few interesting 
observations, little real progress 
coming. The clotting time 
plasma continued interest and after 
became familiar with the classical theory, the 
well-known equation 


made its appearance notebook. one 
trained fundamental chemistry, noted the 
variables the equation and recognized that 
only was controlled the clotting 
time plasma. The need find 
suitable thromboplastin reagent was 
first The only materials that were 


readily available were the tissues small 
laboratory animals. was indeed lucky that 
the first material tested was rabbit lung 
which found had relatively high thrombo- 
plastin activity. 

January 1934, observed the first 
abnormally prolonged clotting time with the 
test. was plasma from jaundiced 
patient. Two days later obtained similar 
results second jaundiced plasma. did 
not attach too much significance these find- 
ings, since the results were often nev- 
ertheless, made this notation January 30, 
still interested direct prothrombin 
test adding lung extract directly plas- 
continued have difficulty with 
lung extract thromboplastin reagent and 
soon found that rabbit brain gave more 
stant results. preserve the material 
spread glass plate thin paste and 
air dried it; from this the extract was made. 

Gradually, began recognize the possible 
importance the new test and was anxious 
apply clinically. Dr. Bancroft arranged 
with various hospitals (Mount Sinai, Lennox 
Hill, Doctors’, Presbyterian, and St. Luke’s) 
allow blood from their jaun- 
diced patients. Ina short time through 
lent cooperation had series cases 
obstructive with definitely prolonged 
clotting times measured the new test. 
also had the opportunity study number 
patients, and found that their 
clotting times were consistently normal. These 
results with description this new test were 
presented paper which submitted 
the American Journal Physiology the 
early summer 1934. After months 
was returned with the comment that editors 
had agreed that the paper was ‘‘not accept- 
Ten years later the American Medi- 
Association awarded gold medal for our 
exhibit that was based essentially the ma- 
terial contained that article. 

Because the uncertainty further finan- 
cial support the grant, left New York 
November 1934 enter private practice 
Milwaukee. Thus, the first phase the de- 
velopment the prothrombin time 
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was completed. Sufficient evidence had been 
gathered show that the test had possible 
clinical usefulness. the work 
was published April 1935. With this, the 
eurtain dropped and pleasant and stimu- 
lating association with Dr. and Dr. 
Stanley-Brown was terminated. 


Act ScENE 

The second was laid the State Uni- 
versity Dr. Harry Smith who, 
medical student, had worked 
teins under the guidance Dr. George Whip- 
ple became interested fibrinogen. Later, 
studied the fibrinogen level the blood after 
hepatectomy. This brought him into the orbit 
blood With his associates Brink- 
hous and Warner, organized extensive 
research program. One their first impor- 
tant contributions did much 
faith the classical theory. 
later and this country, had 
built elaborate theory which tissue 
agulins independent thrombin occupied 
central position; fact, thrombin 
garded by-product. When Smith and his 
showed that extract lung 
carefully freed blood did not clot fibrino- 
gen, became clear that tissue coagulins were 
merely mixtures prothrombin and thrombo- 
plastin, and that thrombin was the sole agent 
that converted fibrinogen fibrin. 

sequela these studies, Smith and his 
developed quantitative method 
for prothrombin. Their method likewise was 
based the classical theory and they, too, 
added excess tissue extract convert 
prothrombin thrombin. Instead meas- 
uring the evolution thrombin directly, how- 
ever, they devised procedure which the 
conditions were such that the total amount 
thrombin formed was measured. This re- 
quired, first, defibrination and then dilution 
the plasma before adding mixture lung 
extract, calcium, acacia, and buffer generate 
thrombin. The latter was determined the 
speed with which clotted standardized so- 
lution fibrinogen. distinguish the 


QUICK 


methods, mine was called the 1-stage test while 
that Smith, the 2-stage, though actually 
this was multistage procedure. The meth- 
ods, developed independently and almost si- 
multaneously, agreed remarkably well 
measures the hypoprothrombin vitamin 
ferences, however, were encountered and only 
after many years did become apparent that 
the methods did not always measure the same 
clotting factors and that neither test was 
infallible determinant prothrombin. the 
hands Sinith, Brinkhous, and Warner, the 
2-stage method supplied much valuable infor- 
mation prothrombin. One the casualties 
World War was the disruption the 
team. Eventually, Dr. Seegers, who had 
joined the group 1937, became the chief 
custodian the 2-stage method and its citadel 
was moved across Lake Michigan Wayne 
University, Detroit. 


Acr 

The drama the method shifted 
new scene—a laboratory the Department 
Biochemistry Marquette University 
School Medicine put disposal Dr. 
Joseph Bock. Since medical practice did 
not encroach much upon time, was again 
able resume active work tissue thrombo- 
plastin. had noted earlier study that 
the common lipid solvents with the exception 
acetone impaired the thromboplastin activ- 
ity the material. This clue enabled 
develop method™ for the dehydration 
rabbit brain with acetone. this manner 
product was obtained which not only had 
high and remarkably constant activity but also 
possessed stability. With this agent pro- 
thrombin time seconds human plasma 
has been consistently obtained our labora- 
tory for the past years and, interestingly, 
preparations made 1938 and kept room 
temperature evacuated ampules have re- 
tained full activity until now. 
achieved the goal producing thromboplas- 
tin reagent constant activity, was possible 
construct curve relating the prothrombin 
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hyperbolic curve could expressed 
the equation 


With prothrombin time (p.t.) 
the values the constants and were es- 
tablished 330 and 8.7, respectively. 

While perfecting technically the 1-stage 
procedure, was the alert find oppor- 
tunities for applying the test. this quest, 
June 1936, was indeed memorable day. 
took drive Madison and visited former 
teacher, Professor Hart, who told 
the interesting work was doing 
new dietary deficiency disease that gave rise 
bleeding tendency and also the studies 
their own department bleeding condi- 
tion spoiled sweet clover hay. Later 
that day learned more about this interesting 
disease from Dr. Link, who was working 
the isolation the toxie principle this hay, 
and from Dr. Smith, who was interested 
the aspects sweet clover. the 
course our conversation, them 
with prothrombin method and voiced the 
wish apply the test this bleeding 
tion. Dr. Smith offered send bag 
this hay. None us, sure, rea- 
lized the far-reaching 
sulted from this mutual exchange ideas and 
materials. 

prepared the special diet Almquist and be- 
feeding newly chicks. Soon 
after the bag spoiled sweet clover hay ar- 
rived, started feeding several rabbits. 
Much delight striking inerease the 
prothrombin time the chicks and 
also the rabbits. both bleeding ten- 
deney manifested itself when the prothrombin 
time became moderately prolonged. This was 
probably the first time that the results 
‘lotting test were quantitatively correlated 
with bleeding tendency. found that the 
meal the Almquist diet greatly shortened 
the chicks’ prothrombin time and cured their 
bleeding. further noted that when the toxic 
hay was mixed with alfalfa meal, longer 


Prothrombin 


caused hypoprothrombinemia. These findings 
helped explain the hypoprothrombinemia 
which had observed jaundiced patients, 
namely, that vitamin deficiency, probably 
caused faulty absorption due the absence 
bile the intestines, resulted inade- 
quate production prothrombin. 

The results these studies well the 
important contributions Smith and his 
workers established the validity the 
eal theory more firmly than ever. For brief 
period there was general agreement the 
clotting reaction, but this haleyon inter- 
lude was short duration. new era 
turbulence began which was least part 
set off simple experiment done with the 
l-stage method, the results which pub- 
lished 1943.17 adding stored human 
plasma that had prothrombin time 
onds equal volume plasma from dog 
given Dicumarol, which likewise had pro- 
thrombin time over seconds, obtained 
mixture that had prothrombin time 
seconds. This mutual corrective action clearly 
indicated that the clotting factor lost during 
storage was different from the one decreased 
Dicumarol and that what hed been called 
prothrombin was actually activity depend- 
ing least two This discovery 
new factor made the classical theory 
longer tenable. Its foundation had begun 
undermined, and the method that was 
largely responsible was the simple 1-stage pro- 
thrombin time that owed its very existence 
this theory. 


EPILOGUE 


With the passing the classical theory, 
notable period the study the clotting 
blood came end and exciting new era 
had its beginning. Interestingly, many 
the new methods which are present exten- 
sively employed, such the prothrombin 
sumption time, the partial thromboplastin test, 
and the thromboplastin generation test are 
direct outgrowths the simple pro- 
thrombin time and are based the same fun- 
damental principle—measurement the speed 
thrombin production. The the 
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2-stage method likewise continues serve 
important tool for research coagulation. 
Gradually, being that the 
and 2-stage procedures often complement each 


other. 


Both continue supply fuel for the 


fire that should light the way for better 
understanding the complex coagulation 
mechanism. 
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The Discovery Dicumarol and Its Sequels 


STORY Dicumarol* has been told 

several times the past years, 
and often others. Like any good story 
need not told exactly the same manner 
each time. Wisconsin has become 
kind legend. shall consider only the high 
water marks certain chapters. 

Fortunately the basic scientific facts the 
discovery and development have already been 
thoroughly that little new in- 
formation Dicumarol and its sequels needs 
revealed here. However, when 
introduce new material will restricted 
that which documented sustainable via 
memoranda letters. 

The story begins some years ago the 
prairies North Dakota and Alberta, Can- 
ada. the 1920’s new malady cattle in- 
volving fatal bleeding showed si- 
multaneously these areas. The veterinarians, 
Schofield and Roderick, were forced con- 
clude that the cause the disease was neither 
organism nor nutritional de- 
ficiency. The origin the new malady was 
traced stacks sweet clover hay mysteri- 
ously gone bad. Hence the disease became 
known veterinary practice clover 
and was found that was caused 
improperly cured hay made from the 
varieties sweet clover. When first 
observed this disease was sense without 
parallel animal pathology human medi- 
When eattle sheep ate the spoiled 
the disease slowly became manifest 
diminution the clotting power 

the blood (about days) and resultant 
hemorrhage which usually became 


University 


From the Department Biochemistry, 
Wisconsin, Madison, Wis. 

Given February 25, 1958 the New York Academy 
Medicine under the auspices the Section Medi- 
‘ine and the New York Heart Association, the 
peets Anticoagulants.’’ 


was recognized Schofield and Roder- 
ick that the disease was reversible. could 
the spoiled hay from the diet and transfu- 
sion blood freshly drawn from normal 
tle, provided the hemorrhagic extravasation 
had not proceeded too far. Indeed, they 
showed that even desperate cases, recovery 
could hopefully anticipated after trans- 
fusion and change diet (good hay). 

comprehensive and thorough study 
the pathology and physiology the disease 
Roderick 1931 emphasized that the delayed 
abolished coagulability the blood was 
showed that the severity the hemorrhagic 
condition paralleled the reduction 
thrombin content did this 
using the technic developed that great 
American pioneer blood coagulation, the 
late Professor Howell. Solutions 
what was then called ‘‘prothrombin’’ pre- 
pared precipitation normal bovine plas- 
with Howell’s acetone method when added 
the ‘‘sweet clover blood’’ promoted coagu- 
lation. contrast, preparations ‘‘pro- 
thrombin’’ made parallel manner from 
clover blood’’ did not produce coag- 
ulation. The other constituents for the main- 
tenance normal coagulability known that 
time (fibrinogen, calcium, platelets, and 
inhibitory substance) appeared un- 
affected. 

first learned about the sweet 
clover disease cattle December 
through the late Ross Gortner, who then 


the trademark for 3,3’-methylenebis- 
The anticoagulant was made 
available 1940 and 1941 for clinical use the 
cooperative efforts the Wisconsin Alumni Research 
Foundation, Madison, Wis., the Abbott Laboratories, 
North Eli Lilly and Company, Indiana- 
polis, Ind., and Squibb and Company, New 
Brunswick, The official U.S.P. name 
droxycoumarin. 


Circulation, Volume XIX, January, 1959 
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headed the Biochemistry Department the 
University Minnesota. had offered 
post and had come St. Paul consider 
it. the ‘‘sweet clover disease’’ was also 
problem Minnesota was one the pro- 
jects open for study chose accept. 
was Gortner who supplied with the origi- 
nal publications Roderick. Some attempts 
had been made Gortner’s department 
extract the agent but they, like 
those Roderick and others, had failed. 
Curiously, the start work 
January 1933 cooperation with Professor 
department was different aspect the 
sweet clover problem. They sought develop 
strain sweet clover suitable for Wisconsin 
conditions low in, free from, cou- 
marin. Though coumarin smells sweet (the 
characteristic smell new mown hay due 
its presence) tastes bitter, and was known 
that the bitter taste green sweet clover 
plants, Melilotus alba and 
paralleled the total coumarin content. 
tual practice was observable that cattle (or 
rabbits) would eat the less bitter plants first. 


Tragedy out the Farm 


Quite apart from the start con- 
cerned primarily with the palatability ques- 
tion laboratory had direct catalytic hit 
from agricultural practice. 

Indeed Saturday afternoon Febru- 
ary 1933 following the first conferences with 
Brink, while blizzard was howling and the 
mercury was hovering near zero, farmer 
from the vicinity Deer Park, Wisconsin, 
some 190 miles from Madison appeared with 
what the late Professor Carlson might 
have called Curiously the 
farmer’s name was Carlson. The 
sweet clover disease cattle was ramp- 
ant his farm. had fed sweet clover hay 
for years previously without encountering any 
difficulties and doubted the veterinarian’s 
diagnosis. Accordingly was advised 
the Agricultural Experiment Station au- 
thorities get the facts. The office the 
State Veterinarian had closed and pure chance 
had brought him the Biochemistry Building. 


LINK 


Farmer Carlson’s multiple evidence was 
dead heifer, milk can containing blood com- 
pletely destitute clotting capacity, and 
about 100 pounds spoiled sweet clover—the 
only hay had feed his 

His account the over-all course the 
disease coincided perfectly with the classical 
December had lost young heifers. Jan- 
uary his favorite old cows had developed 
massive hematoma thigh and following 
skin puncture fatal bleeding set rapidly. 
Finally young cows had died Friday and 
the bull was oozing blood from the nose. 
took off for Madison blizzard. 

immediately had tell farmer Carlson 
that could more this time than 
recommend the teachings Roderick and 
Schofield. had stop feeding that hay, 
and possibly transfuse those desperately sick 
cattle, wanted save them. Eventually 
might become possible make some usable 
recommendations avoid such disasters, but 
not now. 

can still see him take off for home about 
4:00 p.m. Those 190 miles drifted roads be- 
tween our laboratory and his barn must have 
appeared him like treacherous and som- 
ber ocean. 

cannot take the time tell all the details 
this slice the Dicumarol story, but 
can assure you its impact was immense. 
first lecture Dicumarol given the 
Mayo March 12, 1942. 

When farmer Carlson came see us, 
senior student and old man Friday was Eugen 
Wilhelm Schoeffel, volatile who 
came the U.S. 1926 with diploma 
Agricultural Chemistry. After serving 
year apprenticeship the Chicago Stock 
Yards began study with 1929. 
Schoeffel interesting, energetic, and loyal. 
was then and still is, somewhat mystic 
and ordinary conversation quote 
freely from Goethe’s Faust, Shakespeare, and 
the Bible, well other primary 
1933 his spoken English was not only 
strongly guttural, but also very earthy, 
tuated frequently with Schwabian German. 
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farmer Carlson left, Schoeffel stormed 
and forth the laboratory shouting, 
Hell, farmer shtruggles nearly 200 
ailes dis Sau-wetter, driven shpectre 
den has home vit promises dat 
night come true five, ten, fifteen years, 
never. Who knows? ‘Get some good 
Ach!! Gott, how can you 
lat ven you haf snarled. 

dipped his hands into the milk re- 
and while rubbing them muttered, 
clot dat blook! BLUT, BLUT 
BLUT. ‘Die Menschen dau- 
mich ihren Jammertagen.’’’ (Faust 
Prolog., line 297) and then, Vat vill find 
ven gets home? Sicker cows. And ven and 
his good voman church tomorrow and 
pray and pray and pray, vat vill dey haf 
Monday? MORE DEAD COWS!! has 
udder hay feed—he can’t buy any. 
loses bull loses his seed. Mein 
Gott!! Mein Gott!! didn’t anti-shi-pate 
Ya, should haf anti-shi-pated 

took the blood and hay and about 
with them until about 7:00 p.m. when 
headed for home. left the laboratory, 
Schoeffel grabbed the shoulders, looked 
ine squarely the face and said, Before you 
let tell you something. Der desh- 
iny dat shapes our ends, shapes our ends 
ell you! vill clean and gif you docu- 
ient Monday 


the Bioassay 


Two fundamental issues confronted us. 
‘irst there were chemical criteria available 
establish the presence the hemorrhagic 
rent. bioassay involving 
experimental animal offered 
only practical means appraising the 
iticoagulant activity test hays and ex- 
acts prepared therefrom. 

was clear from the pioneer papers 
that the sweet clover disease was 
mpletely reversible. The eating spoiled 
even over long periods, caused per- 
anent functional change, demonstrable 
orphologie change, and detectable patho- 
change the liver, the assumed primary 
prothrombin synthesis. Nevertheless, 


the immediate prospects developing reli- 
able and simple bioassay were not in- 
deed they were dark, ‘‘dark like the inside 
had not had previous experience 
with that complex problem—blood coagulation. 

Schoeffel and Roberts first showed that the 
Howell method for estimating prothrombin 
activity did not have the precision required. 
Smith and Roberts showed that the whole blood 
coagulation time was too variable, and that 
the Quick 1-stage method using whole plasma 
left much desired. Smith also showed 
that there was wide variation the response 
individual rabbits the standard dose 
Gm. the spoiled hay. Campbell and 
Smith bred and reared susceptible rabbit 
colony specifically for the assay. 

that time, 1935-1938, bloody and amus- 
ing raged among the coagulation spe- 
the 2-stage method Smith and 
brawl. 1938 Campbell finally got over the 
chief obstacles. adapted the Quick 1-stage 
method our conditions, primarily relying 
the clottability diluted plasma within 
the concentration range 12.5 8.34 per cent. 
eliminated some the inherent daily vari- 
ations fasting the assay rabbit 
hours before feeding any preparation under 
test, making the plasma clottability tests 
promptly after drawing the blood, and 
comparing the test plasma against the normal 
plasma each rabbit. 

Through the use individually standard- 
ized rabbits (the standard response being that 


*The intricacies the blood coagulation phenom- 
enon are outside the scope this Suffice 
tionists’’ that prolonged Quick 1-stage 
bin time’’ (when the fibrinogen normal) induced 
and the like primary deficiency 
factor VII and prothrombin. See British Medical 
Bulletin, vol. II, no. Blood Coagulation and Throm- 
bosis, Medical Department, The British Council, Lon- 
don, November (1955), and the Owren 
Coagulation Blood, ete., Northwest Medi- 
January, pp. 31-39, February, pp. 159-166, and 
March, pp. 298-307, 1957. 
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induced the anticoagulant Gm. 
spoiled hay) and having the assay 
strictly differential basis the 
problem biologic variation was greatly re- 
dueed. 

Some side observations were made Camp- 
bell the plasma rabbits fed the spoiled 
hay fractions thereof that were later re- 
ported others. plasma factor beyond 
that needed the classical blood coagulation 
expression Morawitz-Field and Spero was 
hinted one Campbell’s reports. But 
these hares were not hunted. Our goal was 
make real substance that abolished the 
clottability cattle blood agricultural 
practice. use the vernacular, the bioassay 
using the plasma clottability was al- 
tered that ‘‘it worked,’’ and few the 
valuable assay rabbits were lost the process. 
One them known Bess Campbell was 
used for about 200 individual assays, over 
period 


Crystallization, Identification, and 
Synthesis Dicumarol 


Between that fateful Saturday February 
1933 and June 1939 long and arduous trail 
was followed Smith, Roberts, and especially 
Campbell, lay the anticoagulant out the 
bench. would like detail some the 
chemical extraction, separation, and isolation 
problems that the spoiled sweet clover hay 
presented. This hay was indeed kind 
biochemical grab-bag and many 
tive products, some new, most them old. 
But suffice state that many seething 
and simmering hope did not become reality. 
times the hemorrhagic agent appeared 
hover before like thistle down only elude 
like the will-o-the-wisp. one time was 
pheophytin resulting from the degradation 
the chlorophyll the spoiling process. 

Finally the dimness dawn June 
1939, after working all night, Campbell saw 
microscope slide what turned out 
erystalline Dicumarol. Two hours later 
had collected about 6.0 mg. it. 


LINK 


When reached the laboratory that morn- 
ing Campbell was asleep the laboratory 
the door the room was guarded 
one Chet Boyles, soldier fortune the 
W.P.A. relief roles, who assisted Campbell 
with the bioassays. Boyles was excellent 
handler animals for had served years 
us. 

walked into the room, Boyles was tak- 
ing nip from the contents bottle whose 
bottom layer consisted carpet tacks, the 
upper layer per cent ethanol. Without 
the flicker eyelash Boyles said me, 
celebrating, Campy has hit the 
(As though didn’t know that 
had been hitting that bottle for 

But Boyles’ surmise was correct this time. 
Campbell did have Dicumarol and the first 
bioassay establish its anticoagulant potency 
was already process! 

Campbell avoided for days—until the 
results the assay were available—and then 

There bed-rock matter-of-fact com- 
mon sense Campbell’s makeup. was not 
inclined show his emotions, but was ap- 
parent that was secretly happy boy 
who had just caught his first big fish. 
passed the vial and said, ‘‘This 
(H. was the laboratory code for 
hemorrhagic agent.) did not disclose that 
Boyles had given the tip-off. told Camp- 
bell that knew couple lines German 
poetry that fitted the and recited 
him, 


endlich denn meinem 
Handen 
Und nenn’ gwissen Sinne 


sent short wire Schoeffel, who was 
then the control laboratory the American 
Association Chicago. responded 
once with 200-word reply wherein ex- 
pressed his complete confidence Nature, 
Fate, and us. 

Mass isolation was started once, and 
stock about 1,800 mg. the erystalline 
anticoagulant was accumulated (Stahmann). 
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The problem determining its structure fell 
the sensitive, brilliant, and deft Hueb- 
ner, who with some assistance from his lively 
imagination made the correct structural diag- 
rin). set the sights for the synthesis, 
which was achieved April Fool’s day, 1940. 
The synthetic and the natural product were 
shown chemically identical. 
quently, Overman and Sullivan, through 
carefully conducted tests the rabbit, rat, 
guinea pig, mouse, and dog, hall-marked the 
natural and biological 
equals. 

The determination the structure the 
anticoagulant 3-substituted derivative 
makes appear that both 
the undesirable aspects the common 
clovers—their 
ness) the green state and the tendency 
the hays cause hemorrhage when improperly 
cured—have common basis the coumarin 
molecule. biological synthesis during 
spoilage can rationalized oxidation 
coumarin which upon 
coupling with formaldehyde leads 
rol. 


OH H HO 


—> +CH,0 
coumarin 4-hydroxy- 3,3-methylene bis(4-hydroxy- 
coumarin coumarin) 


Physiologic Action Dicumarol 


After synthetic Dicumarol became available 
quantity the essentials its physiologic 
were quickly established. was shown 
that there lag response, variation 
intensity and duration the hypopro- 
thrombinemia (plasma prothrombin clotting 
depending the size the dose. 
‘ach species tested certain single dose level 
the most efficient response. Below this 
evel the efficiency action decreased 
hreshold effect and high levels incom- 
absorption the drug. 

before the drug’s action becomes ap- 
there cumulative effect following 
‘epeated administration. Thus was antici- 
that practice this action will 


with the individual and because this 
optimal therapeutic effects without 
hemorrhage would obtained only when the 
dosage individualized. 

brief the details follows: 

There wide species difference the 
response induced the rabbit, rat, guinea 
pig, mouse, dog, cat, and chicken, and this 
with the age and sensitivity each in- 
dividual. Broadly speaking, the rat and mouse 
are the most sensitive, the cat and dog inter- 
mediate, and the rabbit, the cow, and the 
chicken the least sensitive. 

The vitamin and levels the diet 
affect not only the intensity but also the dura- 
tion the anticoagulant action. propose 
elaborate this later. 

The nutritional status the animal af- 
the anticoagulant response—fasting gen- 
erally all species. 

Any pre-existing hypoprothrombinemia 
like that inducible the 
pirin), the sulfa drugs, mild chloroform 
anesthesia augmented the response. 

The and renal function influences 
both the intensity and duration the re- 
sponse. 

The presence drugs that affect the 
total capacity the liver, like 
the methylxanthines (theophyllin) and the 
digitalis drugs, have mild but definitely de- 
tectable counter action. 

Pregnant lactating females show 
slight resistance the drug’s anticoagulant 
action. 

These observations did not exhaust the 
conditions that can influence Dicumarol’s 
tion but they cover the essential points. 
Finally, should added that Dr. Best’s 
department Toronto, Dale and Jaques first® 
and later Meyer and Wiscon- 
sin General Hospital, and were able 
show that primary relationship exists 
between thrombus formation and the clotting 
mechanism the blood. These studies estab- 
lished for the first time that effective re- 
duction extravascular and intravascular 
thrombus formation parallels the diminished 
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was also shown Spooner and that, 
when Dicumarol given dogs safely 
usable doses, definitely decreases 
platelet the same time Quick 
showed that also reduced platelet aggluti- 
Thus the clinical use the 
anticoagulant agent for 
thrombosis rested sound experi- 
mental basis. 


Breaking the Bonds the Usual Pattern 
Thought 


When turned Dicumarol over the 
clinicians the years 1940 1942, one sig- 
nificant point, clearly established our work, 
was first missed, fact have 
reference the capital fact that vitamin 
better than others) 
counteract the action Dicumarol.* em- 
phasized this letters, personal conversations, 
and first lecture Dicumarol the 
Mayo Clinic and Wisconsin General Hos- 
pital. spite these efforts the first clinical 
reports carried the statement that 
has effect antidote the adminis- 
tration Dicumarol.’’ The editorial and 
annotation writers for the medical journals, 
those who only but ‘‘don’t 
innocently reiterated this While 
error, the clinicians were good company, 
for authority blood had 
written 1937, and again his book pub- 
lished 1942, that ‘‘vitamin will not re- 
store the prothrombin de- 
pleted 

Originally these denials made very un- 
happy. The misfortune being accused 
error was not the primary basis for the unhap- 


desperately sick from eating spoiled sweet clover hay 
(he was ‘‘down,’’ blood was oozing from the nose, 
and massive hematoma adorned the right thigh) 
was rescued from the death via vitamin 
concentrate prepared from alfalfa hay, see refer- 
ence Originally not even this ‘‘bull story’’ could 
break the bonds the usual pattern thought. The 
equation 

Spoiled sweet clover hay 


Vitamin concentrate 


reversible reaction. 
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piness, for were certain that the antidotal 
capacity vitamin would time sus- 
tained the What did disturb 
was the needless induction the hemorrhagic 
clover disease’’ man and the stigma 
temporarily attached Dicumarol, that 
was dangerous And this did 

feature science that has always ap- 
pealed that sooner later, and usu- 
ally sooner, ‘‘the truth will 

Dr. Shepard Shapiro New York City was 
the first clinician (February 1942) sustain 
our claims that vitamin can counteract the 
anticoagulant action man 
quently was independently supported 
Townsend and Mills Lehman 
and finally Cromer and 
the Mayo well others. Today 
accepted that the water-soluble forms 
vitamin vitamin given orally can 
successfully antidote overdosing with Dicu- 
marol, provided they employed when re- 
versal still possible. 

Let briefly examine why the error arose. 
The did not use prothrom- 
bin assay sensitive the one Campbell 
developed for our experimental animals. They 
were originally conditioned the low levels 
vitamin effective obstructive jaundice, 
biliary fistula, bleeding, was 
also thought that the menadione form vita- 
min might Over years were 
required wipe out this error from clinical 
practice. 

and not enough trying kept vitamin from 
being the corner building stone Dicumarol 
therapy that deserved from the outset. 

1950 Marple and Wright (pages 149 and 
wrote, ‘‘When bleeding from 
the clinical use Dicumarol the fault rested 
with the physician who administered 


Within years after Dicumarol was syn- 
over 100 related 3-substituted 
hydroxycoumarins were prepared lab- 


thesized, 


{ 
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oratory. Synthesis ran substantially ahead 
biochemical appraisal. Accordingly, when 
gave the Harvey Society lecture ‘‘The 
Anticoagulant from Spoiled Sweet Clover 
January was indicated that 
would not valid conclude from the 
relative appraisals activity made with the 
rabbit—that Dicumarol the most desirable 
compound for clinical was indicated 
that the course the routine appraisal 
the many compounds tested was learned that 
some them exhibited slower but more 
sustained action, while 
the action others shorter duration. 
will take some time before final judgment 
can passed this subject. From the ex- 
perience gained with other pharmacological 
agents abundantly clear that the final 
test the action man under variety 
conditions. The unpredictable 
prising, so, see it, might now 
the beginning things and not the end 

Being agriculturist have little confi- 
predictions, including own. The 
situation can now appraised the light 
wisdom after the event. Bear mind 
that the statement quoted was made less than 
years after Dicumarol became known 
and before extensive clinical information 
the response man was available. About 
reports the clinical use Dicumarol had 
appeared between 1941 

The appearance any new drug creates 
interesting cyele events, and Dicumarol 
went through that quite rapidly. The 
first preliminary reports indicated that at- 
mosphere optimism prevailed. They evoked 


first clinical report appear was Butt, 
Allen, V., and Bollman, L.: Preparation 
which prolongs the coagulation and 
time blood: Preliminary report 
and clinical studies, Staff Meet. 
Mayo Clinie 16: 388-395 (June 18), 1941. 


See also 


V., Barker, W., and Waugh, M., 
120: 1009, 1942; Wright, S., and Pran- 
loni, A., J.A.M.A. 120: 1015, 1942; Bingham, B., 
Meyer, O., and Pohle, Am. Se. 202: 
563, 


prompt favorable editorial comment the 
(September 13, 1941) under the title, 
and Rival.’’ Then came the sec- 
ond period—a period 
asts and skeptics for anticoagulant therapy 
with Dicumarol were created, and can 
stated that some the skeptics condemned 
the drug terms, though they 
were largely armed with surmise, faulty, 
prothrombin time determinations 
and they used the antidote vitamin 
quately. Then came the third period con- 
solidation, from which can now 
cluded that better anticoagulant the Di- 
cumarol type was desired. 

Since Dr. Wright asked for aspects hu- 
man interest, let add another slice from 
the Dicumarol story. Early September 
1945 was fed with laboratory work, 
and went off canoe trip with family. 
this trip were caught cold rain 
got soaked and overexhausted. Two 
weeks later came down with what had had 
before—after similar heavy physical 
risy. first doctor thought had pneu- 
monia; then told him about previous 
bouts tuberculosis; the diagnosis was 
changed reactivated pulmonary tuberculo- 
sis. spent months Wisconsin General 
Hospital and then was transferred Lake- 
view Sanatorium headed the double cross 
Lorraine. Here was supposed vegetate 
like topped earrot. did rest there, physi- 
cally for months, took nothing stronger than 
cod liver oil and bottles beer day, but 
kept the aged tuberculosis out mind 
studying laboratory records and reading 
the history rodent control from ancient 
modern 


’ 


the Coumarin Family 


Now brace yourselves, for propose shift 
from that had become drug 
substantial clinical usefulness, ‘‘rat 
poison’’ converted drug, which has be- 
lieve most the desirable features that 
expected from anticoagulant given 
primarily via the oral route. 


| 
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The many coumarins synthesized between 
1940 and 1944 were listed numbers logi- 
cal groups based their structure.! 
While was the sanatorium 1945-1946 
the laboratory work was practically stand- 
still. There were few students available, since 
most them were still the armed forces. 
had ample time reexamine all the 
chemical and bioassay data available. Upon 
the return Scheel from service the 
spring 1946, was assigned the task 
reappraising the anticoagulant activity the 
compounds numbered from 65. They 
were made Ikawa 1942-43. Instead 
using only rabbits for the bioassays Scheel 
also used rats, mice, and dogs. 1946-1948 
defined coumarin numbers and 
being much more potent than Dicumarol 
the rat and dog, capable producing 
more uniform anticoagulant response, and 
having the quality maintaining more se- 
vere state hypothrombinemia without in- 
ducing visible bleeding. Certain chemical 
properties were also the degree 
purity readily attainable (absence taste and 
odor), the cost making them, and the prop- 
erty being convertible stable water-sol- 
uble salts. 

Back 1940 1942, Overman, Field, and 
colleague, Bauman, had studied ex- 
tensively the action Dicumarol the lab- 
rat, and the effect diet the 
response, specifically the influence vitamin 
and foods rich it. Later 1942 per- 
sonally, with the help good old Schoeffel, 
set field trials ascertain the suitability 
Dicumarol for rodenticidal purpose. was 
concluded that the activity Dicumarol 
the rat was not high enough make prac- 
tical for rodent control. This was found 
largely due the vitamin content 
mature grains and the availability green 
foods with high vitamin was 
shown that rats could tolerate daily intake 
2.0 mg. for more days 
due the vitamin content the natural 
foods available. diet es- 
sentially free from vitamin the survival 
time was about days. When mg. 
vitamin per day were added the artificial 
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diet, the rats also tolerated 2.0 mg. 
marol daily for over days. 

Early 1948 told Scheel and Dorothy 
that wanted propose no. for 
rodenticidal This proposal shook the 
laboratory. can sum stating the con- 
sensus opinion ‘‘the boss has really gone 
off the deep end this Scheel favored 
no. for clinical purposes. They are chem- 
ically closely related, no. being direct 
derivative no. make long story 
very short, early 1948 no. was promoted 
for rodent control under the auspices the 
Foundation 
through the able, enthusiastic, 
spirited Ward Ross, General Manager this 
organization. Within short time this effort 
revolutionized the art rodent control (mul- 
tiple doses opposed the single dose 
the highly poisons), 
rapidly became and still the leader the 
rodenticide field.* The name Warfarin was 
coined combining the first letters 
the Wisconsin Alumni Research Foundation 
with the from coumarin—and now 
household word throughout the world.** 

Between 1948 and 1952 Dicumarol was, 
speak, being squeezed chemical kin 
ming primarily from 
Curiously, one them, derivative Dicu 
marol, trade-named Tromexan, was not seri 
ously considered early 1940. 
Though acted somewhat faster than Dicu 
marol, required substantially larger doses 


*Just cattle eat sweet clover 
until they die without visible sensory responses, the 
rat eats warfarinized cereal grain bait until fata! 
hemorrhage sets in. Neither bait refusal 
shyness develops. Indeed, the rodent’s departure 
son’s drama, Elizabeth the Queen says, ‘‘To 
end time will the rats inherit 
Sinee warfarin has available, thi 
need not so. Furthermore, via the 
warfarin sodium the rat drink unto death. 

**Warfarin the safest rodenticide known. 
now, the United States there recorded 
140,000,000 pounds warfarin containing bait 
per cent) have been distributed since 1950. 


1 
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get the equivalent anticoagulant action.* 
‘he second, Marcumar, close kin warfarin, 
vas also passed us, since its water-soluble 
odium salt less stable than warfarin so- 
lium. Milligram for milligram, 
active than warfarin and its action 
more prolonged. But result the 
laims made about Tromexan and 


ethyl acetate, referred B.O.E.A. 
the Burt, C., Wright, P., and 
M., Brit. 1250, 1949, precipitated 
editorial comment under the heading, 
Dicumarol (pp. 1279-1280). this edi- 
orial was suggested that Tromexan seemed 
superior Dicumarol ‘‘owing its shorter- 
ived action and view recent reports 
drug’s (Dieumarol’s) efficiency rat poison, 
may that will ultimately more 
for that purpose.’’ 

Unfortunately the significance our paper the 
ction Dieumarol the rat 
the diet and vitamin the anti- 
(J. Nutrition 23: 589-602, 1942) was 
not O’Conner, A., Researelt 334, 
1948, who suggested the use for rodent 
control. Had O’Conner read our paper 
not have made this suggestion. The 
issue that anticoagulant action the 
rat subsisting natural grain foods too slow 
The level the bait has 
set high that other animals dog) and 
children ingestion) would vulnerable. 
was the and slowness 
kill rats under field conditions that caused 
not suggest its use rodenticide 1941- 
1943 Link, P., the National Defense 
Washington, D.C., dated Mareh 
and confidential disclosures, 1942-1943, 
the late Professor Homer Adkins and Professor 
Gilman, official investigators and project leaders 
Gilman Link, June 11, 1952). Instead 
the much more potent and efficient (no. 42) 
was recommended. Nevertheless, O’Conner’s 
served useful purpose rodenticide control 
and must with being the first 
stimulate, via the printed page, the backward 
workers pointing out the potentials 
anticoagulants (Link, P., letter December 
48, U.S.D.I. Fish and Wildlife Service, Denver, 
via letters and memoranda, which first 
iled reach the objective (see reference and 
reference 25). complete history the 
experience the process being prepared. 


\NTICOAGULANTS: HISTORICAL SYMPOSIUM 105 


took good look the mass data 
the light what clinicians were seeking, 
namely anticoagulant that could used 
via any route with the retention the virtues 
Dieumarol but without its limitations. 


Os 


Dicumarol® 
ONo 
Warfarin Sodium Marcumar® 


(Coumadin Sodium®) 


Based part the supposition that the 
response the rat warfarin (no. 42) 
very reliable index how man would respond, 
late 1950 told Dr. Shapiro and Dr. 
Meyer that the water-soluble sodium salt 
warfarin should tried man. 1941 
the clinicians had literally snatched the ‘‘cow 
from us, but the transition sub- 
stance originally promoted exterminate rats 
and mice was bit more than they could ae- 
cept with real enthusiasm. Then, April 
1951, were informed Captain Love 
(MC) the U.S.N. Philadelphia that 
army inductee was admitted the Naval 
Hospital who had taken over period 
days concentrate warfarin designed for 
rodent The package contained 567 
mg. warfarin corn starch. The inductee 
had followed the multiple dose directions 
the package. became clear him that 
warfarin was not efficient agent ‘‘to shuffle 
this coil.’’ allowed too much 
time for thinking—so went the hospital 
with fully developed case hemorrhagic 

clover was treated per 
the directions—blood transfusion 
doses Vitamin K—and made uneventful 

This incident acted catalyst. 
and Meyer*! both concluded from their 
fully done work with warfarin sodium that 
did possess certain properties not inherent 
Dicumarol the other anticoagulants they 
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had tried. After Collin Schroeder perfected 
the process making warfarin sodium, 
induced long-standing friend, Dr. 
Gordon, the Endo Laboratories, Richmond 
Hill, N.Y., make available for clinical 
use. This did, under the trade name 
Coumadin Sodium. Today would appear, 
sodium that have been published (see refer- 
ence 32), that most the drawbacks 
Warfarin 
sodium least and possibly times 
more potent than Dicumarol. the only 
anticoagulant available today for 
therapeutic anticoagulation that can given 
orally, intravenously, intramuscularly, rec- 
The rate absorption almost the 
same, irrespective how administered. 
other anticoagulant the Dicumarol type 
has all these virtues. course, overdosage 
can readily corrected via vitamin 
acts faster than Dicumarol, and fewer pro- 
thrombin times are required its routine 
use. use the words both Shapiro and 
Meyer, easier handle clinically.’’ 
firm belief that time will replace 
Dicumarol the basis its performance 
over wide variety conditions and that 
other anticoagulants the Dicumarol type 
will not superior. 


Dicumarol have been overcome. 


always seems appropriate vis- 
ualize anticoagulant therapy with 
the Dicumarol-type drugs being shaped like 
triangle with accurate as- 
one corner, vitamin another, 
and sound clinical judgment the third. 


Vitamin 
(water-soluble and 


Dicumarol- 
type anticoagulant 
therapy 


Reliable clotting 


Clinical judgment 
time assays 
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Each linked the other way 
the connecting sides. There should 
separation, each vitally dependent the 
other two. Though the clinical judgment 
good and the accurate, 
the vitamin corner might still have 
evoked, since each individual patient essen- 
tially ‘‘an unstandardized biologic 
errors dosage can made the hospital 
service, the patient might have silent ulcer, 
the functioning the liver kidney might 
unknowingly penumbral. 

September 29, 1955, got card from 
former Wisconsinite working 
mons Army Hospital Denver, Colorado 
which read, ‘‘The President getting one 
your drugs and it’s not 
day later press secretary Hagerty an- 
tially the anticoagulant has been replaced 
drug the Dicumarol type. The present 
prothrombin level has been well 
knew Colonel Pollock’s paper, 
experience with warfarin (coumadin sodium 
new read before the first 
annual meeting the American College 
1955, and surmised that the most important 
man the world today was being anticoagu- 
lated via warfarin sodium.** This surmise 
proved correct and since then 
open secret that warfarin sodium was being 
used. unpredictable can 

closing wish indicate that what 
laboratory has achieved the past 
ades the combined effort many 
narrator this highly successful adventure. 
use the words the late Allan 
students represented much ‘‘emergent 
think the secret their 
3-pronged: they never ceased wonder, 
they kept trying, and they were 
project directed toward doing mankind 
good instead trying destroy 
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The Introduction Heparin Therapy 
Cases Early Thrombosis 


M.D. 


CURRENT METHOD combatting 

acute deep venous thrombosis the leg 
means very early diagnosis, intermittent 
intravenous injections heparin, free move- 
ments the affected limb, and early ambula- 
tion was, believe, first used the Mariestad 
Hospital, Sweden, where was introduced 
October 1940. shall give brief 
the events that led this scheme 
treatment. 

Being originally interested the clinical 
and roentgenologic study blood vessels, 
was impressed article published 1938 
Cid dos Santos,! for 
introducing x-ray contrast medium into the 
deep veins the leg. After having made 
some modifications adapt for pur- 
poses, found that provided 
method for studying roentgenologically the 
deep veins the lower leg particular. When 
the normal anatomy had been established, the 
pathologic changes brought about thrombo- 
sis were studied. soon became evident that 
the whole the process, from the 
first beginning the final stage, could fol- 
lowed way that had not earlier been pos- 

The matter principal interest the pres- 
ent connection the fact that could 
shown that the process almost in- 
variably (in per cent the cases) 
originates small adherent thrombus one 
the deep venous trunks the lower leg. 
that time, was generally believed that 
the process first appeared the fem- 
oral veins. That actually started the 
was suspected few, but evidence could 
produced. With the aid phlebography, 
the question was now settled beyond doubt. 


From the Department Surgery, General Hospi- 
tal, Mariestad, Sweden. 
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Comparing the x-ray findings with 
data, was able after some time single out 
the faint clinical symptoms associated with 
early stages intravenous thrombosis, and 
presently found that was possible diag- 
nose leg thrombosis much earlier 
than had hitherto been possible. There was 
need wait for milk leg ap- 
pear. The process could detected when 
was still localized the lower leg, i.e., its 
statu nascendi. 

This was point won, but did not bring 
one step nearer helping the afflicted pa- 
tients. fact, found ourselves, 1939 
and the beginning 1940, somewhat 
anomalous position. Although knew how 
diagnose thrombosis its initial stage, 
were unable prevent the process from fol- 
lowing the path knew only too well would 
take. During this period were faced 
with cases which phlebography 
disclosed the presence incipient thrombosis 
the lower leg. Since effective therapy 
was available, had the painful experience 
remaining inactive and seeing how, 
cases, the process spread after days 
the femoral vein, and brought about phleg- 
masia alba cases there was prop- 
agation the large veins, and 
the other leg well was attacked 
thrombosis. Pulmonary embolism developed 
would probably have been the same 
with repeated pulmonary infarcts 
recourse had not been ligation 
femoral vein. 

These incidents, although not more remark 
able than any other thrombosis material 
plorable, because were able observe 
record every step the deterioration 
cases. 


Circulation, Volume XIX, January, 195: 
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was this position that decided 
make trial with heparin. 

this drug, fair number 
facts, exhaustively reported Jorpes,* and 
Crafoord and had 
that time. Reviewing them, concluded 
that therapy could ruled out 
routine method, and also that treatment 
fully developed thrombosis had not yielded 
satisfactory results, even Murray® 
had been fairly successful series cases 
embolism thrombophlebitis. However, 
being possession method for diagnosing 
thrombosis earlier stage than had for- 
merly been possible, occurred that 
heparin were introduced such stage, 
better results might expected. Accordingly, 
after cooperation with Jorpes and Crafoord 
the size the heparin doses, started 
treatment along these lines October 1940. 
was given intravenously times 
day, the doses varying between 100 and 150 
each injection. Free movements the 
leg were encouraged, and the patients were 
allowed out bed soon the acute symp- 
toms had subsided. 

The results were favorable from the outset, 
and the entire course the disease was found 
the process and fever, 
swelling, and pain disappeared surpris- 
iugly short time. The patients were, rule, 
leave their beds less than week, 
healed. The mortality once fell 
less than one tenth the earlier figure. 

the aforementioned mode action was 
found involve little risk the 
and because became evident 
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that heparin doses could easily 
fixed without any determinations the 
coagulation time, was decided 
along the same lines. Thus, the method has 
been used for more than years, without any 
modifications. 

During this period, the results have been re- 
ported various the time 
the most recent they were fol- 
lows. Heparin therapy was given alto- 
gether 627 cases thromboembolism. Five 
deaths occurred; the mortality was thus 0.8 
per cent. 622 the course during 
treatment was mainly uneventful. The mean 
duration was 4.4 days. Com- 
plications were infrequent. recurrence took 
place cases (2.7 per cent) and slight 
tendency was noted per 
cent). Pulmonary embolism was present 
patients before the institution treatment 
all except recovered. 
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Experience with Anticoagulants 


GREAT STUDIES Schmidt, Mor- 

awitz, Virchow, Rokitansky and others 
the pathogenesis thrombosis and embo- 
lism produced specifie clues leading 
sound method treatment for these deadly 
and disabling complications Just 
ago Morawitz made the following state- 
ment. today still thankless task 
discuss the problem thrombosis the 
thrombosis has lost none its dan- 
ger; still fearsome disease, frighten- 
ing spectre the surgeon and the physician. 
still seek vaguely hither and thither for 
prophylactic and therapeutic 
one working the field cardiovascular dis- 
eases, the lack agents with which combat 
the thrombosing process was constant source 
frustration. 
available 


theoretically 
Howell’s early but actually this was not 
true because the difficulty preparation, 
the impurity the product, the severe reac- 
tions which forbade its use man, and the 
great expense involved producing small 
amounts. was therefore interesting tool 
for the laboratory but not safe for man. Best, 
Scott, and Charles had taken the first major 
step toward producing heparin suitable for 
use man 1934, but was not available 
When, 
therefore, 1938 lay bed for months 
harassed severe thrombophlebitis which 
occurred after appendectomy, and which 
finally burned itself out after producing al- 
most daily fevers 102 103 and total 
loss pounds weight, had both time 
and special cause for contemplation this 
subject. The same year learned that Best 
and his had succeeded 
ducing satisfactory heparin sufficient quan- 
tities that could used the treatment 
thrombosis without the risk 
severe reaction, provided careful control 
the clotting time was observed. 


for general use for another years. 


mah 


From the Department Medicine, Cornell Uni- 
versity Medical College, New York, 
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the fall 1938 young man (A. 
aged 31, was seen consultation with Drs. 
Mayer and Jerome Marks. had been 
suffering from intractable and migrating 
veins the legs and the superficial veins 
the trunk. addition, there was clinical 
evidence involvement the 
renal, and probably pulmonary ve- 
nous systems. Available treatment had failed 
change the progressive course this dis- 
ease. Drs. Best and Murray generously agreed 
come New York, sharing some their 
limited supply heparin, and help set 
the continuous intravenous infusion with 
suitable controls the clotting time. For 
days and nights during which all concerned 
were constantly apprehensive, the infusion 
continued with clotting times being taken 
hour intervals. There were un- 
toward incidents. The temperature, which 
had been elevated daily for months, remained 
normal throughout and the existing lesions 
subsided. new lesions 
was most encouraging. the end that 
period our supply heparin ran out and Dr. 
3est had more give us. Unfortunately, 
shortly thereafter the patient’s 
turned and the course the disease continued 
uninterrupted until some months later, when 
contracted mumps from one his children, 
became very ill, and developed fever that 
reached 106 This fell normal crisis, 
after which the phlebitis disappeared and did 
not recur for several years. This was never 
explained, but the experience with heparin 
was sufficiently interesting for use 
additional patients. This was believed 
the first patient treated with the improved 
heparin the United States although few 
had received Canada. 

were able obtain additional sup- 
plies heparin, tried other patients, 
but the cost and difficulty maintaining 
tinuous intravenous infusions, the only method 
recommended that time, was such that 
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was not very practical for general use. The 
need for anticoagulant that could ad- 
ministered orally and that was not too costly 
increasingly apparent. 

Meanwhile, Karl Paul Link and his ¢o- 
workers had been working for some years 
attempt isolate the compound that was 
present spoiled sweet clover. This factor 
had been recognized the veterinarians, 
Schofield and Roderick separately, 
cause disease cattle. The 
responsible for this phenomenon had 
never been isolated. experiences will 
found his paper this symposium. 

1940, Karl Paul Link and his 

papers this subject and this was capped 
April 1941 the report the identifica- 
tion and synthesis the hemorrhagic agent.® 
This was truly exciting and immediately 
wrote asking Dr. Link for supplies this new 
synthetic agent soon could spare some. 
response was prompt and generous and 
shortly thereafter began receive sup- 
plies the first oral anticoagulant, which 
was suitable for use man, Dicumarol. Link 
had, previous his publication, supplied 
ham, and Pohle the University 
Wisconsin where worked, and 
February 27, 1941, Meyer 
the first report its use man 

941, Butt, Allen, and published 

study its use dogs and 

human beings. October 1941, 
presented our preliminary experiences with 
use human beings. 

Immediately upon receiving the first ship- 
material from Dr. Link, Dr. Andrew 
‘randoni, who was working with re- 
fellow, and set program test 

man the Goldwater Memorial Hospi- 

While recognizing the potential risk 
animals, neither the previous groups 
reported any complications 
derable severity. For example, one patient 
leaned out bed developed 


ous hemorrhage flank about inches 
diameter. Others developed hematuria. This 
was naturally alarming and both Dr. Pran- 
doni and lost much sleep over this, but re- 
solved continue the studies. turned 
out, this was significant observation, since 
several pharmaceutical houses were then ready 
release large amounts this substance 
the market without adequate understanding 
warning regarding the risk and with de- 
tailed knowledge how handle such com- 
plications they man. This 
would have made available physicians 
without training for this form ther- 
apy who would turn have been dependent 
laboratories where the tests for prothrom- 
bin time were totally inadequate for measure- 
ment the activity this potent but poten- 
tially dangerous new drug. the 
cooperation the Council Pharmacy 
the American Medical Association and the 
pharmaceutical houses, the release was de- 
layed until further studies could carried 
out. This was actually matter more than 
probable that many tragedies 
were averted this cautious step Why did 
our patients develop hemorrhages whereas the 
others had not thus far enéountered this com- 
plication? finally concluded that this 
was because used the Russell Viper Venom 
technie for our prothrombin tests. This was 
accepted method that time but was not 
sensitive enough measure early changes 
factor VII and prothrombin activity and since 
the dosage Dicumarol man was 
this presented real danger. Another disturb- 
ing factor was finding that the dosage Di- 
cumarol could not determined the basis 
the weight the patient. Lastly, found 
that the poorly nourished, often cachectic, pa- 
tients worked with did not react Dicu- 
marol the same way the well nourished 
patients the Wisconsin and Minnesota 
groups. 

Communication with Drs. Meyer and Allen 
made possible for cross cheek our 
results. May 1942, Drs. Meyer and 
Allen and each representing our respective 
teams, presented data before the American 
Society for Clinical Investigation 
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was repeated greater detail before the 
tion Experimental Medicine and Therapu- 
the American Medical Association 
June The experiences were sim- 
ilar and that coming from sep- 
arate institutions the impact was such 
stimulate others initiate broader studies. 
had effective anticlotting agent which 
could administered mouth, but now the 
challenge was determine the indications 
and for its use the care 
patients. The experience numerous hos- 
pitals with its use for the prevention and 
treatment thrombophlebitis and pulmonary 
embolism was rapidly and favorably devel- 
oped. May 1942 started use 
cautiously patients with heart disease, first 
for myocardial with embolization, 
then with heart disease with embo- 
lization. The patients tolerated the drug well 
and the clinical impression was encouraging 
but the material was limited because the 
lack confidence this form therapy 
others well ourselves. 

World War then entered into the picture 
and undoubtedly delayed the development and 
acceptance anticoagulant therapy, since 
many who were active this field entered the 
armed Although could not obtain 
official approval from the Surgeon General’s 
Office stock Dicumarol Army pharmacies 
until later, did succeed getting tacit 
permission continue our studies first the 
Army and Navy General Hospital Hot 
Springs, Arkansas, and later numerous 
army hospitals the Midwest and and Far 
West where served consultant. Dr. Pran- 
doni also continued increase his experience 
with anticoagulants the Medical Service 
the Walter Reed Hospital. 

1945 had accumulated data based 
the treatment patients suffering from 
acute recurrent myocardial infarction, and 
this was reported before the California Heart 
Association October 18, 

Miami, and Peters, Guyther, and 
Brambel Baltimore had been 
lating series patients suffering from 
dial infaretion treated with Dicumarol. Their 
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experiences were published early 1946 and 
were agreement with This was 
encouraging but the data were not conclusive 
and therefore proposed the cooperative 
study which was carried out the Committee 
Anticoagulants the American Heart 
Association. The report this committee in- 
cludes the details its work. This large 
project enlisted the resources leading 
medical institutions with teams workers 
each headed outstanding cardiologist. 
central laboratory and statistical center the 
New York Hospital acted the coordinating 
agency. Cases admitted alternate days 
were admitted treated and controlled series. 
Master forms were compiled detail and 
analyzed Dr. Dorothy Beck, Chief Statis- 
tician, and her staff. years the ree- 
ords 1,031 patients were secured. Prelim- 
inary reports were issued, but the final report 
lowing the publication this report the use 
anticoagulants for the treatment myo- 
was adopted widely 
many countries well the United States. 
Although there still exist some differences 
opinion regarding the selection suitable 
cases, there have been more than confirma- 
tory reports published from medical centers 
this country and abroad and the wide use 
this form therapy seems accepted 
for the foreseeable future. 

There are now many anticoagulants the 
coumarin and phenylindandione groups avail- 
able. have evaluated number them. 
They vary somewhat onset and duration 
action but present few advantages over Di- 
cumarol and phenylindandione they were 
first made available for general use. 

indicated above, 1942 began the 
treatment patients with multiple emboliza- 
tion from old rheumatic heart disease and 
myocardial Thus evolved the con- 
ception long-term anticoagulant therapy. 
Some these patients had developed cerebral 
emboli and seemed logical attempt 
interrupt tragic series events leading 
death perhaps even worse, complete in- 
validism. From these experiences were 
encouraged treat patients with cerebral 
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thrombosis including carotid artery and basi- 
lar artery thrombosis. This was seriously em- 
barked upon December 1946 and the results 
have been reported intervals since that 
This work has expanded and now 
submitted analysis several cooper- 
ative long-term studies which our group 
actively participating. Great credit due 
Dr. William Foley and Dr. Ellen Me- 
Devitt for their consistent work this field 
during the past The final evalu- 
ation the indications and contraindications 
for the use anticoagulants the treatment 
cluded during the coming years. 


REFERENCES 


E.: One Hundred Years Research 
Blood Coagulation Leading the Pres- 
ent Day Anticoagulant Therapy Throm- 
bosis. Thrombosis and Embolism. Proceed- 
ines the First International Conference, 
Basel. Basel, Benno 1954, 23. 

McLean, J.: The action 
cephalin. Am. Physiol. 41: 50, 1916. 

H.: The coagulation blood. 
Harvey Lecture Series 12: 272, 1916-1917. 

Best, H., Cowan, C., L.: 
Heparin and the formation white throm- 
bi. Physiol. 92: 20, 1938. 

Heparin and thrombosis. Harvey Lecture 
Series 36: 66, 1940-1941. 

Link, P.: Studies the 
sweet clover disease. Identification and 
synthesis the agent. Biol. 
Chem. 138: 513, 1941. 

J.: Studies the hemorrhagie agent 
Its effect the prothrombin and 
tion time the blood dogs and humans. 
(Read before the University 
Medical Society Feb. 27, 1941.) Am. 
Se. 202: 593, 1941. 

L.: preparation from spoiled sweet 
which prolongs coagulation and 
prothrombin time the blood: Preliminary 
report experimental and clinical studies. 
Proe. Staff Meet. Mayo Clin. 338, 1941. 

coagulants, heparin and the dicoumarin 


~ 


ANTICOAGULANTS: HISTORICAL SYMPOSIUM 


10. 


13. 


18. 


19. 


20. 


99 


113 


Bull. New York Acad. Med. 18: 433, 1942. 

J.: The effect the dicoumarin 
3,3’-methylene-bis 
the prothrombin time and coagulation time. 
J.A.M.A. 118: 1003, 1942. 

ALLEN, V., W., AND WAUGH, 
preparation from spoiled sweet 
clover which prolongs the coagulation and 
prothrombin time blood: study. 
J.A.M.A. 120: 1009, 1942. 

marin 
marin): Its and therapeutic 
action man. J.A.M.A. 120: 1015, 1942. 

Experiences with methy- 
lene-bis the treat- 
ment coronary thrombosis with myoear- 
dial Am. Heart 32: 20, 1946. 

Experiences with Dicumarol the treat- 
ment coronary thrombosis with myoear- 
dial Tr. Physicians 59: 
47, 1946. 

therapy acute coronary thrombosis; Re- 
365, 1946. 

Peters, R., anp Bram- 
BEL, E.: acute coronary 
thrombosis. J.A.M.A. 130: 398, 1946. 

S., C., Beck, D.: 
Myoeardial New York, Grune 
Stratton, 1954. 

Early use anticoagulants treatment 
918, 1957. 

The use anticoagulants the treatment 
diseases the heart and blood vessels. 
Med. Meeting held Feb. 

AND T.: The use anticoagu- 
lants the treatment heart disease. Am. 
Med. 718, 1947. 

AND E.: Cerebral dis- 
eases: Their significance, diagnosis and 
present treatment, including the selective 
use anticoagulant Ann. Int. 
Med. 41: 682, 1954. 

E.: Anticoagulants and their place 
the treatment cerebral dis- 
Wright, S., and Luckey, H., New York, 
Grune Stratton, 1955, 145. 

T., AND The use anticoag- 
ulants the treatment cerebral vascular 
disease: Ten year experience the treat- 
cepted for publication. 


7 
12 
15. 
) 
j 
ou. 
9 
23. 
| 


Historical Data Regarding the Experiences with Coumarin 


Anticoagulants the University Wisconsin 


WAS 1938, years ago, when, con- 

versation with Professor Brink the 
Department Genetics the University 
Wisconsin, that first heard the work being 
done the Department Agriculture 
identify the substance spoiled sweet clover 
accountable for disease cattle. 
This had been initially undertaken 1934 
the Wisconsin Agricultural Experiment Sta- 
tion Professor Karl Paul Link his 
associates. This group workers, including 
Stahmann and finally 
isolated the anticoagulant, coumarin deriva- 
tive, and established its chemical characteris- 
The was about Gm. per ton 
clover, amount which was not practical for 
clinical usage. However, April 1940, these 
investigators had synthesized 3-substituted- 
4-hydroxycoumarin which 
physically, and biologically identical the 
naturally occurring This 
prepared cheaply and abundant quantities. 
The potential significance the treatment 
thromboembolic disease was then obvious, and 
hence were happy when supply was 
made available for basic studies Sep- 
tember 1940. The anticoagulant for clinical 
purposes was given the name Dicumarol. 

early associates the field included 
James Bingham, now Seattle, Dr. Fred- 
erick Pohle, deceased, Dr. John McCarter, 
now Boise, Idaho, Dr. Charles Thill 
Chieago, and Dr. Maryloo Spooner Schallek 
Nutley, was promptly established 
that this anticoagulant was potent hypopro- 


From the Department Medicine, University 
Wisconsin Medical School, Madison, Wis. 

Supported part the Research Committee 
the Graduate School from funds supplied the 
Wisconsin Alumni Research Committee, 
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thrombinemie agent vivo dogs and with- 
out effect vitro. Our original experiments 
were set elucidate the morphologic 
changes that might occur dogs when so- 
called therapeutic and doses were given, 
establish the range between the effective 
therapeutic dose and the minimal lethal dose, 
determine whether not this anticoagulant 
reduced the prothrombin human beings 
had been shown rabbits, rats, 
mice, guinea pigs, and dogs, and demon- 
strate whether administration this dicouma- 
rin safe dosage would actually prevent 
prolong the time 
The final and most important objective, 
course, was establish whether not the 
anticoagulant would prevent the development 
thromboses human beings. investigation 
the above effects was mainly directed 
toward this major aim, which obviously could 
settled ‘‘only extensive investigations 
the 

Our first published established that 
the administration oral (the powdered sub- 
stanee given gelatin capsule)* intra- 
venous administration Dicumarol produced, 
after usual latent period hours, pro- 
longation the prothrombin time (and 
ulation time measured room temperature 
but not properly measured water bath 
37-38 C.). was further demonstrated that 
therapeutic and even fatal doses did not pro- 
duce significant pathologic changes 
liver other parenchymal organs. was 
dogs, however, that excessive 
fatal, but not therapeutic, doses produced 


*3,3’-methylenebis 
insoluble water. Ata more the sodium 
salts are soluble but the solutions are unstable and 
must used promptly after being prepared. 
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hemorrhages, gross microscopic, le- 
sions, and marked dilatation small arteries, 
arterioles, capillaries, venules, and small veins, 
acute renal glomerular swelling, 
degeneration. These effects are em- 
phasized, since several authors, least 
implications, have indicated that Dicumarol 
vasodilator, which not unless toxic 
doses are administered. have never ob- 
served vasodilatation when proper doses are 
employed. 

After gathering, with less 
method, some suggestive 
that Dicumarol did prevent some intra- 
vascular clotting and af- 
ter establishing the safety the drug 
animals and approximately proper dosage, 
cautiously administered human beings 
achieve the data needed for use. 
The first patients who received the drug 
were, with exception, patients with advanced 
malignancy. The patients, save demon- 
strated definite clinical evidence involve- 
ment the liver. The very first patient re- 
total dose mg. and the other 
patients received doses 100 mg. (0.75 
2.0 mg. per Kg.). these the pro- 
thrombin time was slightly prolonged. was 
then promptly established additional pa- 
that dose mg. per Kg. was safe 
ind could produce significant hypoprothrom- 
Still later® was found that, our 
the most satisfactory therapy entailed 
use initial oral dose mg. per 
doses 1.5 mg. per Kg., those 
lays when dose could given maintain 
vell known, subsequent studies many others 
well ourselves have established that still 
ower levels prothrombin are better. 

The first report our experiences 
vith this anticoagulant was made the dis- 
ussion. paper presented Professor 
before the University Wisconsin Medi- 
School Society, February 27, 1941. 

early winter, 1942, had more clearly 
emonstrated, had others,® the permissibil- 
giving the anticoagulant for long 

weeks without effect and the absolute 


need for daily least frequent prothrom- 
bin time determinations the drug was 
safely administered. found that blood 
transfusions appeared effective con- 
trolling excessive hypoprothrombinemia and 
that vitamin was ineffective, but used 
doses larger than mg. given orally 
intramuscularly. However, Shapiro 
demonstrated that vitamin 
large amounts did counteract Dicumarol-in- 
duced hypoprothrombinemia and Cromer and 
found that large doses, mg. 
intravenously, usually 
were effective correcting excessive hypopro- 
thrombinemia due administration Dicu- 
marol. 

1943 that the rectal admin- 
istration Dicumarol suppositories was not 
regularly effective. Miss Maryloo Spooner, 
while graduate student the University 
Wisconsin, established, using the method 
Helen that Dicumarol decreased the 
adhesiveness platelets without affecting the 
platelet count per se. 

1943 there were several workers investi- 
gating coumarin anticoagulant therapy, and 
the practicality and usefulness this drug 
became increasingly evident. 
widely established that the only hazardous 
effect this treatment was hemorrhage, and 
this was likely, patients who had 
significant liver disease, the rare patient 
who was unusually sensitive the drug 
ordinary dosage. Some rare individuals were 
unusually resistant and required large doses. 
However, sought more ideal anticoagu- 
lant, fixed dose which would produce 
fixed proportional ef- 
order avoid, insofar possible, the 
need for frequent, troublesome, costly, and 
sometimes unavailable prothrombin time de- 
terminations. 

Hence were pleased test another cou- 
marin compound, no. 63, 
made available Professor Link and 
Dr. Lester Scheel May 1949. This syn- 
chemical, 
benzopyran, 
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was first tested dogs, dose was established, 
and was later tested human The 
results indicated that this anticoagulant was 
lethal doses dogs did not produce the toxic 
lesions the small blood vessels that 
with excessive administration Dicumarol. 
Although appeared from these and later 
that greater stability hypopro- 
with this drug and that had 
apparent disadvantages, never became 
popular, and our own work was 
subsequently replaced when warfarin sodium 
was introduced. While testing this latter 
anticoagulant, first observed that vitamin 
and vitamin oxide were very effective 
antidotes for excessive hypoprothrombinemia 
due this and the other coumarin anticoagu- 
lants. James had previously reported 
this observation for vitamin 
viously this was important addition our 
armamentarium, since appreciably lessened 
the hazard coumarin anticoagulant treat- 
ment. 

While testing this anticoagulant, inad- 
vertently learned another hazard this 
humorous, but was not funny the time 
and might have been tragic. Two patients 
the same name were the same hospital 
ward. was receiving the 
marin anticoagulant, and the prothrombin 
time determinations were carried out daily 
the blood the other. Since the former pa- 
tient appeared resistant this drug and 
the daily prothrombin the latter was 100 
per cent, the dosage was progressively in- 
creased, and only when subcutaneous bleeding 
developed the site hypodermoclysis 
needle punctures the patient receiving the 
anticoagulant was the error realized and cor- 
rective measures taken. This was the fifth 
200 patients who demonstrated gross hemor- 
side effects attributable cyclocuma- 
rol. 

The ideal anticoagulant had still not been 
nor has yet. The toxicity 
those available was low, and effectiveness was 
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demonstrated. Nevertheless, was still hoped 
that anticoagulant with more regular re- 
sponse prothrombin reduction any given 
dose and with greater stability levels 
prothrombin might become available that 
less frequent prothrombin 
might possible. 

Synthesis the 
marin anticoagulant no. 42, 
-4-hydroxycoumarin, was first 
complished and its action studied Professor 
Karl Paul Link’s This com- 
pound was named warfarin, and its readily 
water-soluble sodium salt was warfarin sodi- 
um. This kindly 
supplied Professor Link and later Dr. 
Samuel Gordon Endo Products, 
Richmond Hill, Initially 1953 
used both warfarin and warfarin sodium, 
which are more potent than the other anti- 
coagulants. 


determinations 


Later, since the former had 
advantages, continued our studies with 
only warfarin sodium, which have found 
subsequently can used intravenously and 
with safety, well oral- 
anticoagulant can satisfactorily employed 
parenterally. found that, un- 
like warfarin sodium was consist- 
ently effective when administered rectally. 
Our investigations demonstrated that this 
anticoagulant was superior, not only because 
could given parenterally the need 
existed, but because the latent period, which 
was the same for oral and parenteral admin- 
istration, was shorter than for either 
marol cyclocumarol (Cumopyran). Even 
more important, with warfarin and warfarin 
sodium has been easier maintain the pro- 
thrombin level steadily within the therapeutic 
range. Hence, the staff throughout our hos- 
pital has found generally easier manage 
the patients requiring anticoagulant therapy. 
The hazards anticoagulant therapy are the 
same for warfarin sodium for other cou- 
marin compounds, though perhaps somewhat 
lessened, and vitamin has been found 
satisfactory antidote for the excessive hypo- 
prothrombinemia which could result. our 


‘ 
( 
\ 
( 
q 


institution for the past years Dicumarol and 

have been almost entirely super- 

seded this newer coumarin compound. 

This remarks, limited the 

contribution the investigators the Uni- 

versity Wisconsin Medical School. These 
historical facts are related accurately 
possible order make our segment the 
final historical profile complete and 

The total picture will point out the numerous 

contributions many investigators the 

elucidation this very interesting subject. 

more there emphasized the importance 

fundamental progress from the laboratory 

the scientist making the original discovery 
the final successful clinical application. Ob- 
viously many unanswered problems remain 
this field, and there much opportunity for 
other workers perfect the applications 
the present information and augment these 
with additional, much needed informa- 
tion. 
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Early Experience with Bishydroxycoumarin (Dicumarol) 


THE LAST March 1941, associate 
the Mayo Clinic, Dr. Butt, gave 
lecture the weekly meeting the staff 
the Mayo the use vitamin 
correct deficiency prothrombin associated 
with jaundice and disease the liver. the 
course that lecture mentioned com- 
pound that had been prepared which was 
thrombin animals. This state apparently 
could not corrected the administration 
vitamin After the lecture asked Dr. 
Butt about the new preparation, and found 
that had read about only few days 
previously the Journal Biological Chem- 
istry. The work had been done Dr. Karl 
Link and his associates the University 
Wisconsin. Dr. Butt had been working 
with vitamin and measurements 
thrombin for several years, and was great- 
interested this new discovery. 

request was sent Dr. Link for supply 
some material for clinical use. dis- 
cussed some length the possible clinical 
uses this material but, the best our 
knowledge, never had been administered 
human being, all could was 
speculate. did have high hopes. Dr. Link 
and his associates very promptly sent 
some bishydroxycoumarin (Dicumarol). 
study the effect this compound dogs 
was begun Dr. Bollman about the 
middle April 1941. The results 
studies confirmed the observations Link and 
his associates. 

associates and who were interested 
intravascular coagulation had used heparin 
for number years. Heparin was known 
valuable the treatment vascular 


From the Section Medicine, Mayo Clinie and 
Mayo Foundation, Rochester, Minn. The Mayo Foun- 
dation part the Graduate School the Uni- 
versity Minnesota. 


Swinburne, 1878 


thrombosis and embolism, but had disad- 
vantages, specifically its short action, its 
need for parenteral administration, its 
considerable cost. had believed for some 
time that another preparation could used 
that would abolish these objections and that 
would beneficial the care patients 
with vascular thrombosis.and embolism. 

May 1941, Dr. Butt and administer- 
Dicumarol organically sound young 
man who was years old and who weighed 
Kg. had alternative but guess 
the proper dose; gave too much, that 
is, 1.8 Gm. days. the sixth day after 
our patient first swallowed the Dicumarol, 
Miss Margaret Hurn, who was determining 
prothrombin activity the blood, called me, 
with some concern, say that our patient 
had almost prothrombin his blood (fig. 
1). Moreover, the coagulation time the 
blood was prolonged Dr. Butt and 
shared Miss Hurn’s concern, for were 
scious the possibility severe hemorrhage. 

Although that time vitamin was 
sidered lack the ability increase pro- 
thrombin activity when deficiency 
thrombin was induced Dicumarol, gave 
travenously, the suggestion Dr. Butt. 
The prothrombin time decreased from 140 
seconds within hours, but the end 
another hour period the prothrombin time 
was 161 seconds. was only many months 
later, when reviewing the clinical record 
the patient, that recognized that there had 
been substantial increase prothrombin ac- 
tivity attributable the use vitamin 
Until that time had believed that the re- 
corded change prothrombin activity had 
been ‘‘normal When finally 
recognized, retrospect, the specific effect 
vitamin the blood our patient, had 
already been demonstrated that large doses 
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vitamin enhance prothrombin activity when 
prothrombin has been induced 
the use although small doses 
fail so. 

protected our first patient from injury, 
and within days the prothrombin activity 
and the coagulation time the blood had 
returned normal (figs. and 2). His 
health had not been impaired any way. 

that time Dr. Butt and believed that 
were the first administer what since 
known Dicumarol human being, 
but Dr. Link said his Harveian Lecture, 
delivered January 20, 1944, that the an- 
ticoagulant had been given the clinical 
group the Wisconsin General Hospital, 
Madison, September 1940. Dr. Ovid 
Meyer subsequently told that 
associates had first given Dicumarol human 
patients December 1940 January 1941. 
However, the first patient received mg. 
Dicumarol the first, third, and fifth days, 
mg. the sixth day, and mg. the 
tenth day observation. Eleveh additional 
patients, with one exception, received single 
doses ranging from 100 mg. Dicuma- 
rol. Study the blood these patients 
showed that instances there 
longation the prothrombin time from 
average maximal level 

When was attending the annual meeting 
the American Medical Association 1941 
received telegram from Dr. Butt relative 
some aspect the problem. Shortly after- 
ward told Dr. Irving Wright, New 
York City, that were carrying out studies 
that might have great told 
him did not wish disclose the nature 
the studies because they were preliminary 
stage. replied that also was anticipat- 
ing carrying out studies interest, but de- 
clined give information for the same reason 
had declined. was not until some time 
later that was disclosed that both had 
Dicumarol 

the issue the Proceedings the Staff 
Meetings the Mayo Clinic for June 18, 1941, 
Dr. Butt, Dr. Bollman, and published the 


ANTICOAGULANTS: HISTORICAL SYMPOSIUM 121 


first report the administration 
man. 

this report Dr. Link wrote his Har- 
veian Lecture, ‘‘Boldness, combination 
right talent and objective point view 

enabled them publish the first prelimi- 
nary report and that Messrs. 
Butt and Allen gave full therapeutic 
doses six human 

The editorial comment our report the 
September 13, 1941, issue the Lancet was 
given the title, Heparin and 
May 1942, the presentations behalf 
the speakers and their associates were Dr. 
Irving Wright, New York City, Dr. 
Ovid Meyer, Madison, Wisconsin, and 
myself before the American Society 
Clinical Investigation. the annual meet- 
ing the American Medical Association 
June 1942, more detailed presentations were 
made before the meeting the Section 
Experimental Pharmacology and Therapeu- 

Needless say, Dicumarol and similar sub- 
stances have proved great value clinical 
practice; the use them has saved many 
lives. The story which have related, based 
personal participation it, the 
story, ‘‘From the Haystack the 
for treatment diseases man with 
marol resulted from original studies Link 
and his associates the cause hemor- 
disease cattle which when 
they ate spoiled sweet-clover hay. 

There another chapter written. 
that have similar action produce 
diverse effects the prothrombin activity 
different persons, and the prothrombin 
activity the same person different times. 
effect that constant quality 
cannot anticipated accurately. What 
urgently needed preparation which, when 
administered the same amount, always pro- 
duces the same effect. Such 
ment seems improbable and perhaps impos- 
sible, but are bound remember that 
1939 Dicumarol also was ‘‘impossible.’’ 


*The designation newspaper reporter. 


Historical Notes the Early Development 


Anticoagulant Therapy with Dicumarol Sweden 


INTEREST anticoagulant therapy 
lated Sweden during the years 1935 1937 
due the work Jorpes and co-workers 
heparin. The author’s participation this 
field was facilitated when was appointed 
1938 director newly erected central 
laboratory for clinical chemistry the 
hospital Gothenburg-Sahlgrens Hospital. 
new laboratory building, equipped with ani- 
mal rooms, operating room, ete. for work 
experimental medicine, was opened Sep- 
tember 1940. few days 
celebration, big truck turned the front 
side the laboratory building, loaded with 
hay sweet clover (Melilotus albus) har- 
vested the dustyard Hisingen, outside 
Gothenburg. the top this load the 
assistant doctor the laboratory, Johan Mar- 
tensson, was seated, and the truck was fol- 
lowed the author, riding bicycle. 
Astonished and wondering laboratory techni- 
cians gathered the windows this peculiar 
appearance—this was something unusual. 
The hay was brought into small, closed 
room the laboratory and left for spontane- 
ous molding, after which was fed rabbits. 
The aim was see the disease 
reproduced. This would interest, 
the toxie principle the hay might ex- 
tracted and purified for clinical use throm- 
boembolic diseases. was suspected 
derivative This anticipation 
was based personal communication dur- 
ing the summer 1940 from Dr. Tures- 
son, Professor Plant Systematics and Genet- 
ics the Royal Agriculture College Upsala, 
whom the author had told about the bleeding 


From the Central Laboratory for Clinical Chemis- 
try, Sahlgrens Hospital, Gothenburg, Sweden. 


disease cattle. Dr. Turesson mentioned the 
high coumarin sweet clover 
and the efforts Canada producing new 
coumarin strains which might produce better 
food for the cattle. looked the struc- 
tural formula coumarin, and the author 
was struck the close relationship between 
coumarin and naphthoquinone, the essential 
part the recently synthesized vitamin 
might possibly explain the 
which the toxie principle was active, namely, 
thereby depressing the synthesis prothrom- 
bin the liver and producing lowered 
agulability the blood. 

The author was familiar with such substrate 
inhibitions enzyme activity from many 
years work dehydrogenases Thun- 
berg’s laboratory the University Lund, 
and especially from the work Quastel and 
Wheatley® the specific inhibition the 
oxidation acid the closely re- 
lated malonie acid. 

The relationship between coumarin and 
vitamin brought the sweet clover experi- 
ments touch with earlier experiments the 
same year (1940) which preliminary ex- 
periments with naphthoquinone vitamin 
inhibitor had been performed—but vain. 

Other methods producing inhibition 
the coagulation process were then tried (July 
1940) with Benzoechtrosa (Kahlson and Land- 
but were found not applicable 
the 

After the visit Dr. Turesson Upsala 
the author’s interest was directed toward cou- 
marin. Even before the experiments with 
molded sweet clover were started, coumarin 
was tried anticoagulant rabbits, given 
intramuscularly doses 0.15 0.20 Gm., 
dissolved sesame oil, and 0.5 Gm. dissolved 
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given stomach tube. With the last 
loses definite prolongation the prothrombin 
ime, but not the spontaneous coagulation 
ime, was achieved (August 21, 1940). 
experiments were considered unprom- 
sing and given up. 

Experiments with spontaneously molded 
clover hay were begun rabbits 
11, 1940). fully conclusive results 
vere obtained. The experiments were con- 
1941, when the hay was molded with 
Asperigillus niger and fumiga- 
kindly supplied Dr. Rennerfeldt the 
Botanical Institute Gothenburg and known 
active producing the sub- 
March 23, 1941, series 
experiments was started, pre- 
liminary extraction experiments. However, 
the papers Dr. Link and his 
the isolation and synthesis 
the active principle spoiled sweet clover 
hay appeared the Journal Biological 
Chemistry, and these experiments were there- 
fore stopped (May 1941). 

(4-hydroxy-coumarin) was syn- 
thesized Mr. Rosdal the Ferrosan Com- 
pany, Sweden. The first sample was 
received June 26, 1941. Animal experi- 
few dogs and were finished August 14. The 
reversibility the prolongation the pro- 
thrombin time and coagulation time was dem- 
liver injury could demon- 
strated microscopic examination even after 
ong-term treatment the animals. The an- 
agonistic blood transfusion was 
shown. vitamin was also tried 
dose mg. rabbit but did not 
the Dicumarol (July 12, 
This was great disappointment, 
anticipated competitive inhibition vita- 
was thereby questioned. However, 
ater critical situation with oozing 
from the intestinal mucosa the 
young woman, 200 mg. vitamin 
disul- 
was given with immediate effect (Jan. 
1942, Surg. Dep. II, 3347/41). 
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When the animal experiments were finished, 
the author was very much doubt they 
should published once. spite the 
fact that they were promising anticoag- 
ulant treatment for thrombotic diseases, which 
was the aim the experiments, was decided 
not publish any experiments before the 
effect had been demonstrated patients suf- 
fering from thromboembolic disease. The main 
argument for this decision was the critical 
attitude which clinicians Scandinavia often 
had shown against animal experiments 
Premature conclu- 
sions would presumably hurt the future de- 
velopment the experiments. The author was 


guide human therapy. 


even cautious keeping the experiments 
secret within the laboratory well within 
the hospital. the animal protocols Dicu- 
marol was signed 

The details the early clinical use Di- 
cumarol Gothenburg have been published 
The care the patients with 
thrombosis during the first years was assigned 
the author, who especially 
Dr. Gustaf Pettersson, Surgical Department 
II, the first doctor the hospital whom the 
Dicumarol experiments were mentioned, and 
whose patients were the first treated. 
(The first patient suffering from thrombosis 
was treated October 11, 1941. Surg. Dep. 
2619/41.) 

After the first presentation the clinical 
results November 29, 1941, Stockholm 
lished Svenska January 
1942), the author was confronted with the 
problem how get paper published the 
international literature. All regular commu- 
nieations with England and America had 
stopped because the war. The only com- 
munications with England were irregular and 
planes during the night. These were often 
heavily attacked German planes. However, 
the British Consul General Gothenburg was 
kind enough take paper for Lan- 
cet (December 23, 1941). 

Nothing was learned about the fate the 
paper until letter arrived from Dr. Link, 
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dated April 20, 1942. With Dr. Link’s per- 
mission the letter here published. 


Dear Dr. Lehmann, 


was very glad see your account the 
entitled Hypo-prothrombinaemia produced Me- 
3/14/42. 

clear from this and highly con- 
densed note that you have made very substantial 
progress toward evaluating the possible therapeutic 
potentialities the substance. would very 
glad have reprints your work appears. 

separate post sending you reprints 
our work which has appeared print date. 
The following papers are press: 

The effect 2-Mthyl-1,4-Naphthaquinone 
and acid upon the action 3,3’-me- 
thylene-bis (4-hydroxyeoumarin) the Prothrom- 
bin Time Rabbits. Jour. Biol. Chem. 

IX. The effect diet and Vitamin the 
Hypoprothrombinaemia induced 3,3’-methylene- 
bis the rat. 

the rat and guinea pig far affects 
the dicoumarin has been completed and will 
ready shortly. 

were very much impressed the fact that 
your reasoning the action acid and 
the possible action vitamin 
leled our thinking. Furthermore think figure 
paper and the first figure your Lancet 
article bear striking parallelism. 

With best wishes and kindest regards, 


Karl Paul Link 


None the papers from Dr. Link was 
ever received. From the author’s answer 
Dr. Link, dated July 13, 1942, the following 
quoted. 


Dear Dr. Link, 


Very many thanks for your kind letter 4/20, 
42, which received 6/25/42. was the first an- 
me, that paper had been printed 
the Lancet. sent the editor 12/23/41 
and have not heard anything about the fate the 
paper until received your letter. have only 
air mail connection with England and the sendings 
are therefore very restricted. can’t get the 
Lancet here Sweden. Therefore, Dr. Link, your 
letter was especially have now asked 
the editor for few reprints and will send you 
one soon have got it. contained 
summary other papers, which are written 


LEHMANN 


read the papers mentioned your letter. They 
have not arrived yet. 


attempt was even made April 1942 
have paper published Science the 
U.S.A. elucidated from the following letter 
friend the author, Dr. Frederick Bern- 
heim, Duke University School Medicine. 


April 11th, 1941. 
Dear Frederick, 


friend mine, captain Swedish boat,* 
has promised forward this letter you, 
when coming your continent. enclose parts 
paper, which think will interest for 
you. When had finished the paper 1941 
had written summary for Science, but just 
was going send it, the post for U.S.A. was 
please correct and make choice the figures. 
sorry not able send the figures 
paper (in print), but think can printed 
without the figures. have heard friend 
mine, that some doctors the Mayo (H. 
Butt, Allen Bollman) have been 
working the same subject. Would you kindly 
send them paper when having used for 
Science. send them the summary 
(They are working Mayo Rochester, 
Minn.) 


Even the fate this paper was unknown 
the author for about year. From letter 
Dr. Bernheim February 28, 1943, evi- 
dent how the author received information 
about its publication October 1942. 


Dear Frederick, 

Very many thanks for your letter November 
1942, which received February 26, 1943. For 
week ago heard from the 
News Information Stockholm that paper 
mine Science had been mentioned 
News Letter and from that understood that you 
had got letter and been kind send note 
about Science. awfull glad for your 
kindness. 


The poor communication between Gothen- 
burg and U.S.A. during the war shown 


*The boat Sveajarl was torpedoed the next sail- 
ing, and the captain and most the crew were 
drowned. 
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the following letter, dated June 1943, 
Dr. Bernheim. 


Dear Frederick, 


papers have appeared U.S.A. the use the 
results. the May 15, 1943 clinical 
results for 1942 have been published. The dicou- 
marin now use many hospitals Sweden 
and far know with good results. 


The last phase the development the 
use Dicumarol was the treatment coro- 
nary infaretion. The first case, complicated 
with thrombosis antecruris, 
November 1941, (Dep. Julia 
admitted November 1941). proposal of, 
and cooperation with, Dr. Ewert, Medi- 
cal Department more consistent but 
tious treatment selected cases was started 
1942. cases, were treated with 
per cent mortality compared with 45.1 
per cent the untreated group. During 1943 
the corresponding figures were which 
were treated, with per cent mortality 
compared with 64.2 per cent the untreated 
group. During 1944, were treated 
total 76, with 25.9 per cent mortality 
compared with 47.3 the untreated group, 
and 1945 (January June 30) out 
were treated, with mortality 20.9 per 
cent. then nearly all cases have been 
treated with Dicumarol, often combined with 
heparin. (The figures mentioned above have 
heen compiled Dr. Albert Larsson, and 
read before the Swedish Society for Internal 
Medicine, September 1945, but this paper 
has yet not been 

After 1945 the treatment thromboembolic 
patients well patients with coronary 
infaretion Sahlgrens Hospital was taken 
over the physicians the different de- 
partments. many hospitals Sweden Di- 
cumarol was then use. Especially the 
clinic Lund study was 
made the and curative use 
Dicumarol 

This review the early events the use 
Dicumarol Sweden can best finished 
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quoting letter from the author Dr. 
Link dated June 13, 1942. 


was surprising but striking fact, that the 
year 1941 was mature for more detailed study 
the agent sweet clover hay was 
studied the same time your laboratory and 
here. have now treated nearly 200 patients with 
the dicoumarin and the results are even good 
those from patients treated with heparin. 

hope will able meet you once the 
future, when the world has found itself again. 
was working months 1935-1936 the Rocke- 
feller Institute New York (Neuro-physiology 
Dr. Gasser) where spent some the most inter- 
esting time life and hope will get 
time for another trip U.S.A. 

With kindest regards, 

Sincerely yours, 
Lehmann 


REFERENCES 

W.: Damaged sweet clover: 
The cause new disease simu- 
lating septicemia and blackleg. 
Am. Vet. 64: 553, 1924. 

M.: The pathology sweet 
74: 314, 1929. 

J.: The coagulation defect sweet 
clover disease and the chick 
disease dietary origin. Am. Physiol. 
118: 260, 1937. 

tyl-1,4-naphthoquinone. Am. Chem. Soe. 

61: 2559, 1939. 

synthesis vitamin K,. Ebenda, 2258. 

XVI. Biological oxidations the 

acid series. Biochem. 25: 117, 1931. 

G., AND E.: Die Brauch- 

barkeit einiger gerinnungshemmender Stoffe 

fiir tierexperimentelle Skand. arch. 

physiol. 77: 301, 1937. 

K., anp P.: Studies the 
sweet clover disease. The 
preparation concentrates. 
Biol. Chem. 136: 47, 1940. 

P.: Studies the sweet 
clover disease. II. The bioassay hemor- 
rhagie following the pro- 
thrombin level the plasma rabbit blood. 
Ebenda 138: 1941. 

Unpublished data. 


| 
i 
| 
| 
| 
| 


126 


anp Link, P.: Studies the hemor- 
rhagie sweet clover disease. The isola- 
tion and erystallization the 
agent. Biol. Chem. 138: 21, 1941. 

LEHMANN, J.: till kurativ och profy- 
laktisk behandlung tromboser 
lish. Svenska 39: 73, 1942. 

och trombotiserande processer med “AP” 

Methylen-di-4-hydroxykumarin). Eben- 

39: 1041, 1942. 

experimental hypo-prothrombinemia 
produced 
marin) and its use the treatment 


LEHMANN 


thrombosis. Lancet, 14, 318, 

with methylene-bis 
Ebenda, May 15, 611, 1943. 

Hypo-prothrombinemia produced 3,3’- 
methylene-bis (4-hydroxy-coumarin) and its 
use the treatment thrombosis. Science 
96: 345, 1942. 

The Approach Dicumarol Sweden 
1940-1941: Thrombosis and Embolism. Pro- 
ceedings the First International Con- 
ference, Basel, 1954. Basel, Benno Schwabe, 
1954. 

Studies its prophylactic and therapeutic 
Acta Suppl. 100, 1945. 


| 
4 


15. 
16. 
7 
18. 


Post-Thrombotic Sequelae Preventable with 
Anticoagulant Therapy 


Harry M.D. 


FIVE YEARS duty mili- 
tary physician the war, felt strong 
irge carry some research investigation. 
conditions for this were very poor Fin- 
and that time, left for Stockholm, where 
former teacher physiology, Prof. 
working the Karolinska Institutet, 
lid the great favor introducing 
Prof. Erik Jorpes December 1944. that 
Professor Jorpes was well along the 
development the concept that thromboembo- 
lism could controlled large measure 
the use anticoagulants. Favorable 
for prophylaxis and treatment with heparin 
had been reported Sweden Jorpes, Cra- 
foord, Watterdal, Bauer, Simon, Suve, and 
Linde. the other side the en- 
couraging results were reported Best, Mur- 
ray, and McKenzie. Similar advantages had 
reported following the use Dicumarol 
Wright, Prandoni, Meyer, Allen, Barker, 
Nygaard, Walters, Priestly, Waugh, Butsch, 
and Stewart, the United States, and 
Lehmann and Bruzelius Sweden. 

1945, Bauer, reporting series 103 
patients, drew attention the possibility 
preventing post-thrombotic sequelae treat- 
ing the very early stages deep venous throm- 
with heparin. these observations 
were based relatively few patients there 
remained some doubt about the specificity and 
effectiveness the anticoagulants. felt, 
therefore, very fortunate asked Pro- 
fessor Jorpes organize study, based 
large number patients, evaluate anti- 
coagulant therapy the control acute deep 
vein thrombosis and reduction the risk 
pulmonary emboli and other 
sequelae. Through the courtesy the Chiefs 
Staff leading hospitals Sweden and 


From the University Hospital for Women, Helsinki, 


Finland was possible review the 
material 1,158 cases deep thrombosis 
the veins the legs. This report was pub- 
lished under the title, ‘‘On the specifie treat- 
ment thrombosis and pulmonary embolism 
with anticoagulants, with particular reference 
the sequelae’’ (Supplemen- 
tum Acta Medica Scandinavia, 1946). was 
found that therapy with anticoagu- 
lants shortened the time the patient had 
stay bed about one fifth that required 
conservative therapy. The thrombotic 
process could usually limited the vein 
which was first diagnosed. was also es- 
tablished that under anticoagulant therapy the 
frequency pulmonary embolism throm- 
cases decreased from approximately 
0.5 per cent, and that the earlier high mor- 
tality from this much dreaded complication 
was reduced almost nil. the course 
follow-up examinations 609 patients who 
had suffered from acute deep venous throm- 
bosis from years previously, was 
found that sequelae, including 
edema, induration, pain, and 
leg occurred out patients con- 
servatively treated. those patients 
whom early diagnosis was still limited the 
calf, and anticoagulants were administered, 
symptoms were mostly absent 
very mild. One decade later, 1946, 
Gjores (Acta Chirurgica Suppl. 


206) found follow-up study 303 


tients post-thrombotie seque- 
lae very similar the corresponding figures 
investigation. 

the discussion thesis had stressed 
that thrombosis, probably due anatomic 
reasons, was found much more frequently 
the left than the right leg, and that this 
was reflected the more frequent occurrence 
sequelae the left leg. 
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had pointed out that this correlation could 
confirmed watching ladies legs the street, 
and soon thereafter received telegram 
which congratulations were sent The So- 
ciety for Saving the Beauty Ladies’ Legs. 
have always suspected that this originated 
from Professor Jorpes! 

The great number cases ex- 
amined the course this investigation es- 
tablished the fact that anticoagulant therapy 
for thromboembolism was about 
insulin therapy for diabetes. The evidence 
clearly demonstrated that with the aid anti- 
the acute stage, and sequelae 
thus avoided. additional studies this 
field are found the reference list this 
article. 

This early experience with the problems 
coagulation and thrombosis has been the 
greatest value the prevention and treatment 
thrombosis obstetrical service, where 
obstetrical and 1,000 gynecological pa- 


tients enter the University Hospital 

Women Helsinki annually. 
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Personal Experiences with Anticoagulants for 
Coronary Atherosclerosis 


LINICAL REPORTS about Dicumarol 
1941 Meyer, Bingham, and Pohle 
Madison), Butt, Allen, and Bollman 
er) aroused interest, which was further 
vhetted October 1941, Wright and Pran- 
loni’s lecture the New York Academy 
These authors discussed the use 
venous thrombosis, pulmonary 
arteriopathies. During 1942 vari- 
ous times talked about the possibility 
Dicumarol acute coronary throm- 
with myocardial with Nelson 
Barker, Wilbur Duryee, Irving Wright, and 
others. Considerable doubt was expressed 
the likely results, but was agreed that 
trial would worthwhile. About this 
dence per cent thromboembolism follow- 
ing acute and stated, ‘‘Some day 
demonstrated that [mural thrombi| 
vill prevented the use anticoagu- 
lant such heparin June 
after hundreds patients with throm- 
had been treated with Dicumarol 
various workers, gave Dicumarol 
rst patient with acute coronary thrombosis. 
\fter this initial venture, continued use 
routinely acute myocardial in- 
‘ute coronary thrombosis were available, but 
arker had told its trial few 
after study began, Wright and Duryee 
that they had successfully used 
uring 1944, casual references the use 
icumarol acute coronary thrombosis ap- 
papers describing its general use, 
listing cases, Evans case, Gefter al. 
fatality, Townshend and Honingman 
LeFevre mentioned cases 1945. 
October 1944 reported the results 
icumarol therapy patients with ‘‘acute 
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Miami Heart Association keep these lan- 
tern slides for sentimental reasons). was 
naive enough believe, since the patients did 
well, the discussion would arouse interest 
what seemed truly constructive advance 
the treatment acute myocardial infarction, 
but instead approbation, asides were au- 
dible anent cerebral showing! 
spite the prevailing opinion that such ther- 
apy was meddling and dangerous, within an- 
other year compiled the data obtained 
acute attacks, but this manuscript was 
returned with frank note that lacked 
scientific basis the Journal the American 
Medical Association. ‘‘President’s 
Address,’’ American Therapeutic Society, 
November 11, 1945, related the results 
study. closing remarks were, 
marol not the ideal therapy for coronary 
artery thrombosis, but step forward. 
Two patients had each experienced three epi- 
sodes coronary thrombosis within two years, 
were given Dicumarol continuously for 
year protective measure, watching the 
prothrombin time intervals. may more 
than they have not experienced 
fourth attack. look forward with confidence 
the development more easily controlled 
drugs prevent intravascular thrombosis— 
physician desirous eluding the onslaught 
time?’’ data were buried the Society 
Transactions and overlooked other workers. 
The report was published* full January 
1946. Because similar studies Wright, 
Peters, al., the American Heart Association 
sponsored 1946 investigation the val- 
ues anticoagulants myocardial infarction. 
debt gratitude owed Irving Wright, 
Charles Marple, and Dorothy Beck for their 
hard work correlating the data furnished 


*My former associate, Dr. Samuel Page, co-author. 
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Parker and Barker re- 
ported good results acute coronary throm- 
bosis soon, and flood similar papers ap- 
peared. 1949 editorials appeared several 
leading medical journals anent the use anti- 
coagulants acute myocardial infarction. 
From June 1943 June 1953 associates 
and treated 207 patients suffering acute 
myocardial with anticoagulants. 
The over-all mortality rate was 14.3 per cent. 
week interval was considered 
acute stage instead the week interval 
used some authors. 

Twenty-two autopsies (71 per cent) were 
obtained. Rupture the ventricle was found 
only cases (1.3 per cent), which suggested 
that the size the infarcted area was limited 
extent energetic anticoagulant therapy. 
contrast, Waldron found per cent 
cases treated with anticoagulants developed 
myocardial rupture and 4.9 per cent 241 
patients not treated with anticoagulants. Mu- 
ral thrombi were found only cases. 
rarely encountered pericarditis epistenocar- 
patients who were fully heparinized 
early. 

Armand Quick’s method 
thrombin determination soon 
lished guide adjusting the Dicumarol 
dosage. 1943 Miami was not overflowing 
with competent laboratory technicians 
devolved learn the pitfalls pro- 
thrombin tests make sure that technicians 
performed such tests accurately. During this 
early period admitted woman with 
acute attack hospital where the laboratory 
declined set prothrombin method 
the grounds would seldom used! Har- 
rowing experiences with prothrombin tests 
done outlying towns led not few acri- 
monious remarks about Dicumarol therapy, but 
eventually all hospitals and private labora- 
tories the area instituted the needed coagu- 
lation methods. 

Most workers first transposed the results 
the prothrombin time hyperbolic serial 
dilution curve and expressed results 
centage prothrombin rather than 
‘‘seconds prothrombin time.’’ Study 


investigators. 


NICHOL 


the pitfalls computing ‘‘percentage’’ 
prothrombin activity convinced that main- 
taining the prothrombin time between and 
times the normal would provide satis- 
factory range hypoprothrombinemia, and 
urged early Anticoagulant Panel the 
American Heart Association 
Shepard Shapire stated 1951, 
clinician should know the normal range 
the thromboplastin used and the therapeutic 
With this knowledge the calculation per- 
centage without it, the 
age figure Some laboratories 
here and abroad computed 
ear ratio the normal prothrombin time com- 
pared the patient’s prothrombin time, which 
led gross errors adjusting Dicumarol 
therapy. The Link-Shapiro modification 
Quick’s method, comparison the prothrom- 
bin time 12.5 per cent plasma dilution 
with that whole plasma, has some advan- 
tages. Although the 2-stage prothrombin 
method often advocated, our hands has 
not been superior value regulating anti- 
coagulant dosage. 1945, Hurn, Barker, and 
Magath pointed out that the nature the 
thromboplastin used has great bearing the 
validity the prothrombin tests, and marked 
arising from various thrombo- 
plastins employed were emphasized Bram- 
ble. Knowledge about the vagaries pro- 
thrombin tests has not widely 
disseminated. Our laboratory ran thousands 
tests between 1945 and 1955 using differ- 
ent sources for thromboplastin (rabbit lung 
and brain) and the conflicting results with 
plasma were often striking 
that repeated studies sometimes uncovered 
hidden error, but more often the 
variation was due the difference the 
source thromboplastins. Recently variable 
results obtained using different thromboplas- 
tins were carefully analyzed excellent 
exposé Verstraete, Clark, and Wright. 
When Moloney 1948 showed the effect 
Dicumarol the clotting time silicone- 
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treated tubes, meticulously prepared such 
tubes, only find that clotting was often 
delayed several hours, abandoned this 
procedure impractical. 


HEPARIN 

Jay studying the blood clotting 
effect cephalin, incidentally discovered the 
anticoagulant heparin 1916; hence the find- 
ing this natural anticoagulant well 
Dicumarol may properly termed ‘‘seren- 
recent obituary the 
Journal the American Medical Association 
made mention heparin, one part 
which will prevent the 100,000 
times its weight blood! 1936 heparin 
was purified sufficiently Charles and Scott 
permit its clinical trial thromboembolism. 
the basis animal experimentation, Best 
suggested 1940 that heparin might prove 
effective the treatment acute coronary 
thrombosis, but was seldom utilized during 
the next few years. Only after talk 
1945 began use it, and have rélied 
more and more during the initial days 
the acute episode. 

Helen Glueck and co-workers Cincinnati 
reported the combined use heparin and 
Dicumarol myocardial infarction 1948. 
About the same time Loewe reported the 
ise heparin* alone during the acute and 
healing stage myocardial 
1949 treated patients with acute coronary 
for weeks with delayed ac- 
‘ion with good results except for 
painful hematomas, but failed 
‘eport experience. Since the description 
Stats and Newhof 1947 the advantages 
coneentrated heparin, have used this 
mg. per ml. The dosage ranges from 
mg. every hours, given 
iong the iliae Heparin tolerance tests 
ind heparin-retarded coagulation times in- 
the need for heparin therapy 


Pitkin-Menstruum, Warner Company. 
Upjohn Company. 


use hyaluronidase with depot injections 
minimize pain suggested Tuchman and 
Moolten. spite the fact that heparin in- 
duced bleeding sometimes, protamine sulfate 
was required control bleeding only pa- 
tient. The prolongation the prothrombin 
time heparin first shown 1946 
Long and Barker was sometimes source 
dosage error when changing from heparin 
other anticoagulants, until became more 
alert. 


February 1944 began long-term anti- 
coagulant therapy forestall recurrent myo- 
cardial infarction, and made 
before the Southern Medical Associa- 
tion November 1946. Although Wright and 
Foley had begun continuous treatment 
rheumatic heart disease with episodes, 
trial long-term anticoagulant therapy 
prevent myocardial had been 
essayed. The first patient treated merits some 


Patient J.R.T., aged years, had attack 
posterior wall January 
1943. Six months later, had severe anterior 
and was treated with Dicumarol for 
weeks. February 1944, developed third 
attack. Dicumarol therapy was instituted again 
and this time was continued see additional 
could warded off. December 1945, 
gross hematuria with renal appeared, but 
never recurred. November 1946, hematemesis 
and tarry stools developed due bleeding 
was omitted for weeks, then 
resumed because worsening anginal pain. 
Attacks bronchitis frequently and pul- 
monary emphysema developed 1948. The Dicu- 
marol requirement was remarkably constant (700 
800 mg. weekly) until summer holiday 
1948 Nova Seotia when imbibed ale instead 
milk, dietary change which reduced his 
marol requirement 600 mg. weekly. con- 
tinued business activities months before 
his death, when gradually developed intractable 
congestive heart failure, azotemia, and anemia. 
inanition his Dicumarol requirement 
dropped 500 mg. per week. was comatose 
for days before death. Continuous 
therapy had been followed for months, except 


*My associate, David Fassett, was co-author. 
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for weeks during the bleeding ulcer episode. 
Autopsy showed fresh coronary thrombus 
infarction, old posterior wall 
left ventricular aneurysm, nephrosclerosis, purulent 
bronchiolitis and emphysema, and healed gastric 


uphill battle, promoting the that 
permanent ambulatory anticoagulant therapy 
was feasible and worthwhile. spite the 
askant mien colleagues, took heart 
reading again statement first made 
Allen 1945, timely consider that 
blood may normally clot blood vessels too 
well serve the interest the health man 
—some time the future there may 
valid reason why the coagulability the blood 
man may not maintained indefinitely 
and safely level which will not permit 
intravascular 1949 Foley 
and Wright reported their results pa- 
tients long-term therapy, whom were 
patients. Yet Bean the same 
year stated that the use anticoagulants 
ambulatory patients prophylactic meas- 
ure was out the 1950, Borg and 
reported patients treated continuously 
prevent recurrent myocardial infarction. 
Subsequent reports Hellem, Keyes and 
workers, Suzman co-workers, Owren, 
Coogan, and Davis, Tulloch and Wright, Man- 
chester, and more recently Bjerkelund and 
Owren, indicated benefit from permanent 
coagulant therapy. cooperative study com- 
prising 1,091 cases treated physicians* 
for total 24,454 months, compiled 
1954, but only published recently, confirms 
the value long-term anticoagulants re- 
ducing the incidence recurrent myocardiai 
and lengthening the span life 
after more attacks. 


IMPENDING INFARCTION 


During long-term anticoagulant therapy 
prevent myocardial appeared 
likely that some episodes worsening anginal 


*Co-authors: John Keyes, Joseph Borg, 
Thomas Coogan, John Boehrer, William 
Mullins, Thornton Robert Page, George 
Griffith, Edward Massie. 
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pain might well have ended full-blown myo- 
cardial had anticoagulants not been 
foree. This observation led 1946 
use anticoagulants patients presumed 
showing premonitory signs myocardial in- 
condition which the outset 
indistinguishable from the clinical syndrome 
acute coronary insufficiency since the event- 
ual diagnosis made only retrospect after 
number days have elapsed. Results 
patients this category constituted 
Address Chairman,’’ Section Medicine, 
Southern Medical Association, November 1949, 
published July 1950, and was the first paper 
this topic the world literature. Paul 
Wood had described the use anticoagulants 
cases ‘‘angina rest’’ the Decem- 
ber 1948 meeting the Medical Society 
London. April 1954 reported results ob- 
tained 150 additional cases the American 
College Physicians. associates and 
during the past years have treated 313 
private patients presenting premonitory signs 
myocardial infarction, heparin being used 
for week before instituting oral anticoagu- 
lants. Relief pain was often strikingly 
with full heparinization. Only 
the 313 patients (6.3 per cent) developed 
frank myocardial whom died 
within days. the remaining 293 cases 
not developing frank none died 
within days while using anticoagulants. 
Twenty-seven patients abandoned anticoagu- 
lants before the expiration days, whom 
(60 per cent) developed frank infarction 
during the ensuing days. (Unpublished 
data except for abstract the program 
the 1957 American Heart Association 
Sessions) Similar observations have been re- 
ported since 1952 Maynard, Thompson. 
Engelberg, Lenégre, and Beaumont, and 
past year VanderVeer, Anderson, and 
Waaler. 


NOTES THE HEMORRHAGE 


Clinical bleeding due anticoagulants was 
first described Prandoni and Wright 
1941, and the year 1948, deaths wer 
recorded the world literature ascribed 
the use anticoagulants, which point 
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btained questionnaire further data from 
who reported that significant 
emorrhage occurred per cent 15,500 
atients with deaths not 
ppeared February 1950 and was later sum- 
narized guest editorial the J.A.M.A. 
instanee hemopericardium without 
rupture due anticoagulant ther- 
aeute myocardial was in- 
but the first case report dealing with 
his complication was made Hammarsten 
1949 and was further emphasized Gold- 
stein and Wolff 1951. Three deaths resulted 
primarily from performing lumbar sympa- 
blocks when anticoagulant effect was 
although hemorrhage was found else- 
where these The concomitant use 
heparin and spinal anesthesia case, 
ing transverse myelitis, and the 
performance dorsolumbar sympathectomy 
without omission anticoagulants another, 
accounted for deaths, both deaths exempli- 
fying poor judgment rather than 
faulty anticoagulation measures. 
stances major bleeding were associated with 
pathologie lesions. The first case vaginal 
lerly woman being treated for coronary 
who proved have early 
ioma the cervix. Sometimes melena in- 
lueed anticoagulants led the discovery 
oceult lesion the gastrointestinal 
ract. 

extraordinary death* was 
hat year old man long-term ther- 
prevent recurrent who de- 
eloped peritonsillar abscess complicated 
lema and hemorrhage into the cervical 
ires and larynx which produced fatal 
obstruction while was route 
have been prevented earlier hospital- 

Although hematuria was the most common 
fatal followed added renal im- 
airment. Ureteral colic from may fol- 
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low the free use vitamin hematuria 
first noted 1945. One death due 
hemorrhage from dissecting aortic aneu- 
rysm mistakenly treated pulmonary infare- 
tion was reported Evans 1944 and 
recorded examples, one wrongly diagnosed 
myocardial infarction, the other saddle 
embolus. The fatal hemorrhage 
the cooperative long-term study was 0.5 
per cent 1091 patients treated for aver- 
age 22.4 months. Permanent use anti- 
coagulants naturally associated with 
greater risk bleeding than when anticoagu- 
lants are used for few weeks only. 

1950 patient whom had adminis- 
tered long-term Dicumarol therapy prevent 
myocardial for months became 
psychotie and attempted suicide slashing 
his wrists, anticoagulants were stopped. 
died few years later with recurrent infare- 
tion. suicidal attempt the self adminis- 
tration sodium warfarin was recorded 
1952 Holmes and Love. 


March 1954 wrote: 

Most episodes developed because 
hypoprothrombinemia, but some instances pa- 
tients using Cumopyran the prothrombin time was 
found well within the accepted safe therapeutic 
range, but the Lee-White coagulation time was 
abnormally prolonged, suggesting that long- 
range anticoagulant therapy other coagulation fae- 
tors may upset. 


1957 Herbert Sise and co-workers showed 
that phenylindanedione produces deficiency 
proconvertin factor (factor and plas- 
thromboplastin component (PTC), thus 
accounting for some hemorrhagie epi- 
sodes the marked prothrombin 
deficiency. Currently intensive study 
these effects going the Miami Heart 
Institute Anticoagulant Laboratory under the 
direction Paul Boyles patients long- 
term therapy. 


Swe ANTICOAGULANTS 
marin anticoagulants seems more prevalent 
Europe than this country, and have en- 
countered only examples, but alopecia in- 
duced heparin somewhat more frequent. 
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Lack effects the liver due 
marol were reported Meitus and Wasser- 
man 1953. Liver function studies and au- 
topsy data from our patients permanent 
therapy with oral anticoagulants revealed 
injury. 

One untoward effect oral anticoagulants 
the production fatigue, malaise, even 
anorexia some patients. Skin eruptions, 
scarletiniform, may Fe- 
brile reactions are not common but one 
patients, whom attempted treat contin- 
uously, developed fever 1950 proven 
due Dicumarol, and the next year, during 


NICHOL 


trial Tromexan, fever recurred and did 
not abate till the drug was stopped, but she 
was able tolerate Hedulin. The same pa- 
tient developed moderate alopecia. 
league, Dr. Sidney Davidson, West Palm 
Beach, had the reverse experience with pa- 
tient manifesting febrile reaction proved 
due Hedulin but Dicumarol was well borne. 

Heparin intravenously may induce shock- 
like reactions subjects, hap- 
pened one patients, and few 
stances have followed its use intramuscularly 
Local reactions the site injection hep- 
arin are usually not consequence. 
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ATHEROSCLEROSIS 
Kokatnur, M., Rand, T., and Kummerow, 

A.: Effect the Energy Protein Ration 

Serum and Carcass Cholesterol Levels Chicks. 

Cireulation 424 (July), 1958. 

The energy protein (E/P) ratio the diet 
significant effect serum cholesterol levels 
rats. Corn oil the diet was found depress 
serum cholesterol levels diets high E/P 
but not diets low ratios. low ratio 
serum levels regardless the type 
the diet. suggested that the E/P 
may represent the unknown the 
juation workers who have tried relate the 
dietary fats serum cholesterol levels. 


AVIADO 


CONGENITAL ANOMALIES 


einberg, I.: Congenital Absence Main 
Branch the Pulmonary Artery. Report 
Three New Cases Associated Respectively with 
Bronchiectasis, Atrial Septal Defect and 
menger’s Complex. Am. Med. 24: 559 (April), 
cases congenital absence main 
the pulmonary artery are added the 
cases recorded the literature. patient, 
vas associated with bronchiectasis the 
lung. the second, atrial septal 
associated with absence the left pulmonary 
the third, absénee the right pulmo- 
artery was associated with the Eisenmenger 
uplex and right pulmonary artery arising 
the aseending aorta. When this anomaly 
unassociated with bronchiectasis intra- 


defects, the patient was usually asympto- 
Typically, there was lag expansion 
and diminution breath sounds the lung with 
the absent pulmonary artery. Roentgenogram re- 
vealed this lune small with fine 
markings, whereas the opposite lung was overdis- 
tended and well and displaced the 
mediastinum. was diagnostic. 
With bronchiectasis, there may further pul- 
monary parenchymal disease leading 
and finding rales. Diagnosis absence 
pulmonary artery when there are septal shunts 
more Such patients are often ill with 
reeurrent infections, dyspnea, and 
ventional x-ray helps little; 
needed the shunt. Differentiation 
the isolated from the 
significant because and 


Davidsen, G.: Atrial Septal Defect 
Mother and Her Children. Acta med. Seandi- 
nav. 447, 1958. 

This report deals with the unusual 
atrial septal defect mother and her 
children. third child had died congenital 
heart disease—probably also atrial septal defect. 
The diagnosis each the patients was estab- 
There also review the literature dealing 
with the incidence familial 
genital heart disease and the reports families 
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tal heart disease had been present. The author 
believes that modern methods that per- 
mit more accurate diagnosis and the routine regis- 
tration the family histories patients with 
congenital heart disease will provide more ade- 
quate material for the study the hereditary 


factor heart disease. 


Davidsen, G., Fabricius, and Husfeldt, E.: 
Five Cases Congenital Aneurysm the Aor- 
tic Sinuses (of Valsalva) and Notes the 
Prognosis. Acta med. Seandinav. 455, 
The ease records patients with 

aneurysm the sinuses are presented 
detail. Cardiae catheterization and aor- 
tography were performed each patient. The 
latter procedure was particular val- 
ue. Two patients had from the 
aorta into the right heart. One these had 
lived for years without progression symp- 
toms. The other had symptoms rapidly in- 
right heart failure and died during 
attempted surgical intervention. Two other pa- 
tients had regurgitation into the left ventricle 
with picture resembling aortic 
incompetence. The fifth patient had demon- 
strable abnormality the cireulation and only 
moderate symptoms. review the literature 
aneurysm the sinuses disclosed that 
death can caused rupture into the 
heart chambers, compression the bundle 
His, impairment valvular function, 
and bacterial endocarditis. the present 
time, the authors think that surgical repair 
aneurysms the sinuses Valsalva should 
considered only the small group patients 
whom aneurysm has ruptured into the right 
atrium, provided considerable left-to-right shunt 
present, there are signs complicating 
interventricular septal defect, and there 
endocarditis, syphilis, arteriosclerosis. 


BROTHERS 


Oliveira, M., Mendelsohn, D., Nogueira, C., 
and Zimmerman, A.: Wolff-Parkinson-White 
Syndrome and Tetralogy Fallot. Report 
Case. Am. Cardiol. 111 (July), 1958. 

year old boy presented the usual 
and features tetralogy Fallot with 
the unique exception that the 


repeatedly showed anomalous atrioventricular 
excitation. Rapid supraventricular 
cardiac catheter was placed the 
right atrium. Open surgical the 
defects, aided total bypass, was 
followed repeated arrest and death 


ABSTRACTS 


sclerosis over the ventricular septum, which wa: 
considered possibly related the 
cardiographie anomaly. 


Bernstein, A., Weiss, F., and Gilbert, L.: Uncom 
plicated Congenital Mitral Stenosis. Am. 
Cardiol. 102 (July), 1958. 

The forty-eighth instance congenital mitra 
stenosis reported. months old infan 
developed heart failure, and the basie disorde 
was indicated the finding 
markedly enlarged left atrium. 
ful. Autopsy showed contracted and 
mitral valve that possibly 
table associated fibroelastosis. The find 
ings this patient are relation 
those others previously reported. 


CORONARY ARTERY DISEASE 


Lenegre, Himbert, J., and Corcondilas, 
The Anatomic Lesions Common Angina Pec 
toris. Arch. mal. coeur 51: 481 (May), 1958. 

tients, 212 disclosed major coronary sclerosis, and 

these patients had shown angina pectoris 

spontaneously exertion. these hearts, 

the major coronary branches (right, left 

common and anterior, and left showed 

stenosis per cent per cent the 
lumen, and 116 showed complete incomplete 
occlusion; this corresponded 2.15 

per heart. lesions were absent 15, 

relatively minor 29, and major hearts, 

which showed total myoeardial infare- 
tions. Coronary and lesions had 
greatest incidence patients with very short 
evolution angina (several days month), 
those with angina long duration, not 
treatment becoming worse spite if, 
and those with status anginosus. They were 
more numerous spontaneous angina than 
angina effort. 

LEPESCHKIN 


Rosenberg, A., and Malach, M.: Acute 
dial Infarction City Hospital. II. Exper 
ence with Anticoagulants. Am. Cardiol. 
(July), 1958. 

The hospital records all patients having 
acute infaretion during 
year period ending June 1955 were reviewe: 
The patients who received 
(mainly had the same mortality 
—47 per cent—as the 198 not treated. The 
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oups may not have been closely comparable; 
example, per cent the treated patients 
“poor risk” while per cent the un- 
ones were designated. the treated 
oup, major and minor hemor- 
Were encountered, suggesting that excessive 
iticoagulant effect did not often occur. The 
findings are compared with those pri- 
ite hospital patients who generally fare consid- 
‘ably better. 


chweizer, W.: The Effects Isopropyl-Isonico- 

tinic Hydrazid (Iproniazid) Angina Pectoris 

(Preliminary Report). Cardiologia 33: 40, 1958. 

Iproniazid (Marsilid) Cesar- 

for the treatment angina was used 

atients. every patient, the symptoms im- 
proved and tolerance stress the 

ajority patients with hypertension, the blood 
pressure was reduced. However, electrocardio- 
alterations attributable ischemia re- 
unchanged. Side effects were frequent and 
consisted hypotension, bradyear- 
dia, perspiration, constipation, urinary difficulties, 
rigidity spontaneous muscle movement, muscle 
and 

Pick 

Legrand, R., Desruelles, Merlen, F., and 

Debacker, G.: Long-term Prognosis Myocar- 

dial Infarction. Arch. mal. coeur 51: 362 

(April), 1958. 

100 patients with myocardial infarction fol- 
the clinical condition much better 
than the the patients 
died and who developed heart failure, 
showed type III and IV. 
the patients who developed angina pectoris 

usually showed type IIT, with type appearing 
the complaints subsided. some patients 

more abnormal ballistocardiogram was sign 
approaching death, even when the clinical 
adition seemed improvement. More 
half the patients were able return 
work, and these patients both the ballis- 
and the usually 

marked improvement. interesting ob- 

vation concerned the development pointed 
sterior infaretion; this pattern seems have 


prognosis. 


D., and Marcus, I.: Coronary In- 

Associated with Oral Administra- 
ion Gall-bladder Dye. New England Med. 
1244 (June 19), 1958. 
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Four cases are reported men with arterioscle- 
heart disease who experienced fatal attacks 
coronary insufficiency soon after the ingestion 
dye administered orally preparation for 
gallbladder x-ray studies. every case pain 
coronary artery origin, either noted for the 
first time had been present 
days before the test was performed, implying 
These point out the fact that patients 
with recent symptoms coronary artery disease 
may hazardous procedure 
and should not performed without positive in- 
dications. The possibility vasovagal reflex 
the mechanism acute coronary insufficiency 
these cases raised and this basis 
suggested that when cholecystography must 
done such patients premedication with atro- 
pine employed. 


SAGALL 


Cossio, P.: The Treatment Angina Pectoris 
and Other Muscular Pain due Ischemia with 
Iproniazid and Isoniazid. Am. Heart 56: 
113 (July), 1958. 

Isoniazid was employed the 
treatment 120 patients with angina pectoris 
and patients with intermittent claudication and 
impending gangrene the lower extremities. 
one third the patients with angina pectoris 
who were treated with iproniazid and one sixth 
the patients treated with isoniazid the attacks 
angina subsided entirely almost entirely 
after days. additional similar number 
the intensity, and duration attacks 
diminished although attacks pain still 
These beneficial effects per the pa- 
tients lasted for long the drug was main- 
tained. the remaining per cent pain re- 
curred but was less intensity and duration. 
The effect pain due intermittent claudication 
was less Neither drug was found 
have any effect the natural course angina 
pectoris intermittent claudication. Side 
consisting faintness, weakness, paresthesias, 
twitchings were reported two thirds the 
patients, most after the third 
week treatment. Side effeets were more fre- 
quent and more intense the older patients. The 
author concludes that these drugs are highly ef- 
fective the prevention pain due ischemia 
and presents details concerning the dosage, ways 
administration, indications, and 
tions. 
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Verdun Cantogno, L., and Ramirez Arellano, 
J.: Studies Coronary Circulation. Some 
Aspects Nervous Influence Coronary Flow 
and Cardiac Metabolism. Arch. Inst. Cardiol. 
Mexico 28: (Feb.), 1958. 

The effect the vagi and the sympathetic 
nerves the coronary sinus flow and 
oxygen uptake the heart stimulated 
creased work was investigated with methods pre- 
viously reported. Section the vagi led dis- 
appearance the coronary flow and 
oxygen consumption obtained the intact heart. 
had effeet these param- 
eters; the influence the left vagus was greater 
than that the right. was concluded that 
vagal presumably initiated baroreceptors 
located the chambers, was stimulated; 
the efferent pathway would primarily consti- 
tuted coronary vasodilator fibers: appeared 
that fibers were not important con- 
stituent the efferent pathway. The modifications 
coronary flow secondary elevation 
nary sinus pressure were also studied. Gradual 
mized animal; when the vagi were severed, 
marked decline blood flow and also oxygen 
uptake was noted. Sudden interruption the 
venous flow caused transitory decline 
flow, followed after vagotomy, 
more marked flow was noted, not fol- 
lowed reverse These observations are 
interpreted evidence vagal reflex initiated 
pressure the coronary sinus and 
having vagal vasodilator efferent pathway. 


Reich, N.: The Anatomy Chest Pain. Am. 

Cardiol. (July), 1958. 

The nerve supply the major thoracie and 
upper abdominal structures reviewed, and the 
mechanisms and clinical appreciation pain pro- 
duction therefrom are mentioned. Diagrams 
the segmental innervation the skin and the 
plexus and sample history form for 
chest pain evaluation are 


Weissler, M., Shapiro, W., and Gaskin, Jr.: 
Alimentary Lipemia and Coronary Artery Dis- 
Two Racial Groups. Lab. Clin. 
Med. 51: 355 (March), 1958. 

Twenty-six white and Negro hospital pa- 
tients between the ages and and without 
evidence cardiovascular disease were studied 
3,000 calorie house diet containing 150 Gm. 
fat. The studies were performed the morn- 


ing following hour fast. The wer 
given 100 ml. per cent cream per squar 
meter body surface area and hourly plasm 
specimens were taken. other food was 
lowed during the hour observation period. 
plasma was separated centrifugation 2,50 
r.p.m. for minutes, and densities 
determined using Beekman 
meter wave length 650 mp. Despite 
fact that the incidence proved 
the area from which the studie 
subjects were taken, there was difference 
the degree alimentary lipemia the 
individual abnormal responses found. 
authors conclude that these data are not consis 
ent with the view alimentar 
lipemia significant predisposing etiologie 
tor coronary artery disease. 
MAXWELL 


Vowles, J., and Howard, M.: 
and Cerebral Infarctions Postoperative Com 
plications. Brit. 1096 (May 10), 195+ 
review patients who experienced 

diae cerebral infaretion during the 

following operation accidental trauma suggests 

biological difference between these processes. 


Sixty-three per cent the myoeardial infar 
tions occurred during the operation within the 
first postoperative injury days. All but 
per cent within week. the other 
hand, the cerebrovascular accidents 
tients this study had definite clinical evidence 
cardiovascular disease. The type surgery 
and anesthesia did not seem bear the 
dence these complications. However, hypo- 
tension did oceur per cent the patients 
during surgery and the authors stress this the 
most important reduced coronary blood 
dilate appreciably, the reduction blood 
flow associated with the hypotensive state un- 
doubtedly major factor the progression 
ischemia. Unlike the heart, during adequate 
eral anesthesia, the oxygen demands the brain 
are reduced that absolute oxygen 
rarely occurs. Therefore, cerebral 
when usually not directly related 
the surgery anesthesia. The avoidance 
anoxia, hypotension, and increased wor 
load should prevent many myocardial 
The biological and factors underlyin 
accidents differ not being 
cifically related the period trauma. 
fore, attempted prevention requires the 
application such measures adequate ox: 
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inhalation carbon dioxide and the 
ivoidanee undue sedation 

KRAUSE 


Himbert, and Lenegre, J.: Coronary Artery 
Occlusions and Their Myocardial Consequences 
Arteriosclerotic Coronary Heart Disease 
(Study 121 Cases). Arch. mal. coeur 51: 441 
(May), 1958. 

760 consecutive autopsies patients with 
resulting least per cent reduction the 
was found 211 hearts. 193 these 
total 517 was found: 211 the 
left and anterior descending branches, 
167 the right cireumflex braneh and 139 
the left. The was situated periph- 
seetion the artery 60, intermediate 
and was thrombosis 236 and 
281 The average 
number infaretions each heart inereased 
continuously from 0.66 cases with 1.40 
those with more Coronary ste- 
nosis less than per cent did not cause any 
myoeardial lesions while per cent 
caused them only part the eases. 


LEPESCHKIN 


ELECTROCARDIOGRAPHY, VECTOR- 


CARDIOGRAPHY, BALLISTOCARDI- 
OGRAPHY, AND OTHER 
GRAPHIC TECHNICS 
Proctor, H., Walker, P., Hancock, 
and Abelmann, H.: The Phonocardiogram 
Mitral Valvular Disease. Correlation 
Q-1 and Intervals with Findings Cath- 
eterization the Left Side the Heart and 
Mitral Am. Med. 24:861 

(June), 1958. 

The reliability and usefulness pho- 
time relationships were tested 
patients with mitral valvular disease whom 
Q-1 (beginning QRS first heart sound) 
(seeond heart sound opening snap) 
vere compared with data obtained from left heart 
atheterization and mitral valvuloplasty. The 
Q-1 interval was prolonged the entire 
roup with mitral valvular disease compared 
iat group control patients, but there 
vas overlap. There was little 
between Q-1 and size the mitral valve, 
valve, the left atrial 

mitral valvuloplasty. opening snap 


139 


was demonstrable patients. Its absence 
was associated with extensive the 
with obliteration leaflet mobility, pre- 
dominant regurgitation, minimal mitral ste- 
moderate severe stenosis, but intervals longer 
than 0.09 second allowed conelusion about the 
degree stenosis. The showed significant 
positive correlation with left atrial 
sure and less correlation with the mean diastolic 
pressure gradient the mitral valve. The 
following valvuloplasty. The phonoeardiogram 
was limited usefulness the evaluation 
mitral valvular disease. 

KURLAND 


A., Henry, E., Corriol, J., Velasque, P., 
and Benjamine, R.: The Epicardial Leads 
Man with Report One Case with Anatomic 
Control. Arch. mal coeur 51: 626 (July), 1958. 
The findings obtained 

multiple epicardial unipolar leads 

patients are reported; patient was pos- 

sible verify the placement autopsy. 

The technie used given. 

Many leads were obtained from the surface the 

left ventricle; only few from the surface 

the right ventricle. the anterior epicardial 
surface, the normal human heart the 
deflection appeared first over the right ventricle, 
than over paraseptal areas both chambers, then 
over the free right wall, and finally 
over the left ventricle: the time sequence acti- 
the surfaces the ventricles over- 
lapped, however. delay over the right ventricle 
was noted patients with right ven- 
tricular load. correlation was found between 
the contour and the thickness 
the subjacent myoeardium. RS, rS, qRS, 
patterns were obtained over different points 
the left ventricle; there was however orderly 
progression the initial deflection over serial 
points the left ventricle. 

CALABRESI 


Sanna, S., and Mouquin, M.: Investigation the 
Electric Configuration Right Bundle Branch 
Block (Wilson type) Associated with Marked 
Right Ventricular Hypertrophy. Arch. mal. 
coeur 51: 664 (July), 1958. 

The 158 patients with 
right were compared with 
the findings right ventricular hypertrophy 
autopsy. The electrocardiograms were classified 
according the method be- 
longed type type II, and type 
examples types and were found. 
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hypertrophy, pure with dilatation, was found; 
the hypertrophy was bilateral, was 
limited the left ventricle, and there was 
hypertrophy. the type II, showed 
right ventricular hypertrophy; the hyper- 
trophy was bilateral, was limited the 
left ventricle; there was hypertrophy. 
Right hypertrophy was found 
cases type III; there was bilateral 
left hypertrophy; hypertrophy was 
found was noted that marked delay 
the intrinsicoid deflection correlated well with 
right hypertrophy; this was noted also 
for wide area resulting from its voltage, 
but even more from its duration. 
CALABRESI 


Perri, T., and Fabrizi, G.: The Q-I Sound and 
the Sound-Opening Snap Mitral Valve 
Intervals Mitral Stenosis before and after 
Commissurotomy. Cardiologia 33: 97, 1958. 
The intervals Q-I sound and the 

opening snap were measured patients with 
mitral stenosis records the 
electrocardiogram and the phono- 
patients the measurements 
were repeated after commissurotomy. Fifty nor- 
mal were studied controls. some 
individuals measurements were obtained also dur- 
ing the Azoulay legs-lifting test. the normal 
subjects the Q-I sound interval never exceeded 
0.05 second; its duration was direct function 
the rate. all patients with mitral 
stenosis this interval was longer than 0.06 second, 
and inverse relation the rate; 
most patients shorter after 
rotomy. The sound-opening snap interval was 
directly proportional the R-R interval; was 
prolonged after commissurotomy. The Azoulay 
test had demonstrable effect these measure- 
ments. 


CALABRESI 


van Bogaert, A., Van Genabeek, A., Vandael, J., 
Arnoldy, M., and Van der Henst, H.: Deviation 
the Right QRS Clinical Leads Result- 
ing from Left Ventricular Lesion (An Experi- 
mental Study). Arch. mal. 51: 513 
(June), 1958. 

Right axis deviation frequently observed 
patients with diseases causing load 
limited the left ventricle. The hypothesis 
proposed that this electrocardiographie pattern 
results from delayed activation the posterior 
juxtaseptal left ventricular musculature. test 
this hypothesis localized lesion was produced 
dogs the endocardial and sub- 


endocardial tissue, including the posterior arbori 
zations the left bundle-branch. The 
changes were more evident 
hearts the horizontal position. Because 
late veetor involving the posterior wall 
left ventricle and directed anteriorly and inferi 
orly, deviation the axis the right 
was produced. The change: 
produced these experiments were compared 
with those due right bundle-branch bloek and 
also posterior displacement the apex 
hearts the horizontal position. The electro- 
changes resulting similar 
lesions the anterior arborizations the left 
bundle were also 


CALABRESI 
Merlen, J., Chevat, H., and Germain, G.: 
torial and Tensorial Interpretation the Elec- 
trocardiogram. mal coeur 51: 573 

1958. 

The fundamentals the vectorial interpreta- 
tion the and the objections 
based non-euclidian geometry ‘sketched: the 
moment represented tensor rather 
however, that, although the vee- 
torial interpretation does not fully satisfy the 
requirement reproducing each the 
obtained and other 
the best vectorial systems leads pro- 
vide satisfactory method analysis the 


CALABRESI 


Toyoshima, H., Kato, J., Isobe, T., Kutsuna, 
Nagaya, T., and Saruhashi, Y.: Electrocardio- 
gram and Vectorcardiogram Reconstruction and 
Its Application Clinical Diagnosis Myo- 
cardial Infarction Am. Heart J.. 56: 165 
(Aug.), 1958. 

The characteristics the 
and changes old and fresh 
myoeardial infaretions obtained 
tion method previously the author 
are presented detail. The changes found 
this method closely resembled those reported 
previous investigators. general, RS-T eleva- 
tions fresh corresponded 
phenomena and reduced waves old 
and RS-T depressions 
fresh corresponded augmentation 
waves old The typi- 
changes the comprised 
displacement the QRS loops away from the 
infareted areas old infaretion and displacement 
the RS-T junetion toward 
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area fresh When right 
block was artificially complicated, 
waves appeared the leads over the 
‘areted area and the initial portion the QRS 
the was displaced away 
the infareted area, but the terminal portion 
seareely displaced all most the left 
and was always 
teriorly the right. When left bundle-branch 
ock was artificially complicated the characteris- 
waves myocardial did not ap- 
the leads over the area and 
QRS loops the vectoreardiogram showed 
ily slight displacement away from the 
most eases. 


SAGALL 


P., Welti, and Facquet, J.: Post- 
extrasystolic Accentuation the Murmur 
Aortic Stenosis: Its Importance the Clinical 
Diagnosis Systolic Murmurs. Arch. mal. 
51: 493 (May), 1958. 

all patients with 
tenosis observed the authors 


creased amplitude the murmur after 


long pause, after long pauses 
absolute arrhythmia due atrial fibrillation. 
This was especially well seen patients who also 
aortie regurgitation, and can explained 
observation that the aortie pressure was much 
lower after long than after short pause, thus 
leading greater pressure gradient across the 
valve during the following systole. 
illustrated case the systolie aortie pressure 
was slightly lower after long pause. the 
ontrary, all patients with mitral insufficiency 
howed little change the intensity the 
stolic murmur after long pauses. This can 
the observation that the left atrial 
ressure approximately the same after long 
after short one The different be- 
vior after long pauses important 
differential diagnosis between aortie and mi- 
was accentuated after long pause 
but not the apex, and these patients 
anatomie study showed both 
‘nosis and mitral 
LEPESCHKIN 


J.: Electrocardiographic Criteria the 
Differential Diagnosis Pre-excitation (Wolff- 
Parkinson-White Syndrome) and Arterioscle- 
rotic Heart Disease. New England Med. 259: 
369 (Aug. 21), 1958. 

ome presented emphasizing the fact that 
omalous atrioventricular excitation 
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duce S-T, and changes which simulate those 
Since the preexcita- 
tion phenomenon may also conceal the abnormal 
heart disease, normalization the QRS-complex 
conduction this syndrome essential for the 
myoeardial infaretion. Various methods for nor- 
malizing excitation are discussed and the effects 
atropine, exercise, and quinidine this regard 
this patient are illustrated. The author also 
points out that after normalization conduction, 
the QRS complex remains the most reliable index 
and heart disease 
this patient because the T-wave changes for 
number reasons are not reliable indices 
atherosclerosis. 
SAGALL 


Effert, Differentiation Positional Anomalies 
the Heart Means the Electrocardio- 
gram. Ztschr. Kreislaufforsch. 47: 486 (June), 
1958. 

patient with valvular pulmonary stenosis and 
normal position the heart developed inversion 
after valvotomy result pericardi- 
tis; the waves times became inverted leads 
and without appreciable change the 
P-R interval, result atrial ectopic 
second patient with congenital heart disease but 
normal heart position showed similar P-wave 
changes, but the P-R interval was short whenever 
the wave was inverted; the wave remained 
inverted lead only the trac- 
ings with inverted waves lead were avail- 
able, the pattern would have been indistinguish- 
able from that mirror-image dextroeardia. 

LEPESCHKIN 


van Bogaert, A., van Genabeek, A., van der Henst, 

H., Vandael, J., Arnoldy, and 

Contribution the Study the Mechanism 

the Epicardial Wave. Arch. mal 51: 

209 (March), 1958. 

unipolar lead from needle insulated except 
for its point showed Q-S deflection with only 
minimal elevation when the point was the 
the left ventricle and the inner two 
thirds the wall; wave and marked S-T 
elevation appeared only the external one third. 
lead from noninsulated needle showed marked 
S-T elevation, Q-S deflection only when the needle 
point was the cavity, and gradual 
the wave the point was withdrawn toward 
the epicardial surface. With the point the 
cavity, the amplitude the Q-S was 
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greatest the apieal region, least the poste- 
rior Areas complete myocardial necrosis 
extending from the epicardial surface almost 
the endocardial surface were produced syste- 
infiltration with per cent acid. 
Leads from the these areas showed 
marked elevation the S-T segment but waves 
waves did not exceed coronary 
vessels supplying the apex did lead the ap- 
pearance waves, especially leads from the 
lateral portion the area. Cooling 
the apex caused these waves, well normal 
waves, become smaller (and also increased 
S-T elevation), while right bundle-branch block 
region ventricular wall cannot compared 
“hole” this wall, its conductivity 
smaller than that noninsulated needle 
electrode. Leads from the surface this lesion 
reflect not only the potential, but also that 
normal selections this wall surrounding 
them. 


LEPESCHKIN 


Enescu, and Negoita, C.: Considerations 
Paroxysmal Ventricular Tachycardia (In Rela- 
tion Personal Observations). Arch. mal 
51: 345 (April), 1958. 

patients who had other cardiac lesions 
ventricular tachyeardia was imitated atrial 
flutter with 1:1 conduction and 
branch block. the first these, sinus rhythm 
was restored quinidine while the second 
atrial flutter during the course treat- 
ment atrial fibrillation with quinidine. When 
the latter was discontinued, 2:1 atrioventricular 
block appeared; sinus rhythm was reestablished 
subsequently digitalis. The third patient 
showed “arborization block”; paroxysmal tachy- 
cardia this patient was initiated single ven- 
tricular extrasystoles the same configuration 
that the wide QRS complexes during tachy- 
cardia, and independent waves could seen 
superimposed the ventricular complexes. This 
patient died suddenly after leaving the hospital. 


LEPESCHKIN 


Chevalier, H.: The Electrocardiogram Meta- 
bolic Disturbances. Arch. mal coeur 51: 233 
1958. 

After review the literature, personal 
cases are presented, which are interest. 
patient with alkalosis showed moderately low 
and tall waves serum potassium level 
3.2, but slurring QTS and huge 
waves almost completely fused with waves 
level 2.2 mEq. per Another patient with 
traumatie anuria showed very low pointed 
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prolonged P-R, deep waves all leads, and 
QRS duration 0.13 second with 
tassium 8.5 and magnesium mEq. per 
After treatment with the artificial kidney potas- 
sium 5.5 and magnesium 1.6 per 
and the completely nor- 
mal. third patient with and 
serum 6.3 mEq. per showed very 
short waves with terminal inversion leads 
interval from normally shaped waves, which 
appeared the usual time for the heart rate. 
another patient hyperkalemia and hypocaleemia 
caused the S-T segment become prolonged but 
the wave was short and pointed. 
cluded that the electrocardiogram represents 
sensitive index and imbal- 
tration gradient across the cell membrane rather 
than the absolute concentration; extracellular 
tissue may influence this gradient 
similar that cation exchange resins. How- 
ever, because the multitude other faetors 
that may it, the must 
interpreted with great caution. 


LEPESCHKIN 


Booth, W., Ryan, M., and Goodwin, M.: 
Saline Conductivity Method for Detection 
Cardiac Shunts Indicator-Dilution Technic. 
Cireulation Res. 142 1958. 

The use saline the detection 
right-to-left shunting described patients 
with congenital heart disease. The advantages 
over the Evans-blue technie are the unlimited 
number determinations that ean made and 
the lack interference with oximetrie determina- 
tion. The method suffers the same limitation 
any indicator dilution technie that only the 
presence but not the location the shunt ean 
detected. 

AVIADO 


Sanghvi, M., Misra, N., Bannerji, K., and 
Gupta, D.: Electrocardiogram Chronic 
Severe Anemia. Am. Heart 56: 
1958. 

Serial electrocardiograms 100 patients with 
anemia least months’ duration and with- 
out other cardiovascular disease were studied. 
Abnormalities were found eases. order 
abnormalities included inversion 
waves, depression S-T, changes, pro- 
longed Q-T interval, left ventricular 
left ventricular strain, atrial 
ventricular premature beats, prolonged 
U-wave changes, atrial tachyeardia, and hy- 
popotassemia. Persistence abnormalities de- 
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pite cure the anemia was seen and 
vas found have relation the age the 
isted. The abnormalities were found more fre- 
juently the female patients. The incidence 
ind nature the abnormali- 
ies seemed closely related the hemo- 
level and the heart size admission. The 
this series was believed due 
greater intensity the anemia this group. 
Several mechanisms production the 
abnormalities were suggested: 
temporary coronary insufficiency without actual 
damage, infaretion and 
reversible changes, persistent 
ably irreversible changes, congestive heart 
failure per se, temporary myocardial fatigue due 
from diarrhea, and probable abnormal myocardial 
thiamine metabolism. 


SAGALL 


Effert, Rippert, R., and Schaub, W.: Diagnos- 
tic Value the Electrocardiogram and Phono- 
cardiogram Ventricular Septal. Defects. 
47: 420 (May), 1958. 
patients with small defects (less than 

cm. diameter, shunt less than liters per minute 

and normal pulmonary arterial pressure) the 

was practically normal 10, 

hut showed deep and slightly wide waves 

leads and IIT; one patient showed splintered 

complexes with deep waves leads 

and patients with medium defects 

1.5 em., pulmonary pressure 

showed normal findings, showed deep 

ind wide waves leads through and 
deflections with tall waves (right 
ctivation delay) and showed tall waves 
Pointed waves leads and were 
‘feets and nearly equal pressures both ven- 
icles, showed right activation delay and 
right ventricular hypertrophy pattern, which 
‘ere normal 20, elevated leads and 
diamond band shape usually had 
the origin the fourth left rib 
was loudest small where could 
the only sign. split first sound was found 
one third the patients. 
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Blondeau, M., Himbert, and Lenegre, J.: The 
Electrocardiogram Angina Pectoris Effort. 
Arch mal. coeur 51: 263 (March), 1958. 

Two hundred patients with typical angina ap- 
pearing only effort and lasting less than 
minutes, with blood pressure less than 160/90 
mm. Hg, and free all other conditions 
drugs that could affect the 
were studied. The pain was retrosternal 178 
and showed radiation (usually brachial, 
abnormal electrocardiogram was found per 
cent; was most common patients who had 
for less than month more than 
years and those with enlargement. 
old myocardial infaretion patterns (15), 
block (13), terminal inversion 
the wave (26), and left ventricular hypertrophy 
eases). Minor abnormalities were found 
per cent, especially women and persons 
with symptom duration years; they 
low waves (23) with 
segments (9), peaked, waves (17), 
absent waves leads (13), angle 
between the QRS complex and wave exceeding 
40° (15), and prolonged Q-T intervals 
Completely normal electrocardiograms were found 
per cent; these were least when 
the duration symptoms was less than year 
and most common when was months and 
the heart normal size. patients sub- 
mitted the exercise test, showed abnormal 
electrocardiographie response, normal re- 
sponse with pain, and normal response with- 
out pain. 

LEPESCHKIN 


Boyadjian, N., Dechamps, G., and van Dooren, F.: 
Changes the Terminal Vector QRS 
Myocardial Infarction. Arch. mal. coeur 51: 
321 (April), 1958. 

study 342 patients with 
infaretion showed that anterior infaretion the 
terminal vector QRS was deviated the left 
was normal deviated the right per 
patients where electrocardiograms 
were available before and after those 
with anterior showed left axis devia- 
per cent and after infarction per cent while 
those with posterior infaretion showed none 
right axis deviation previous infaretion 
per cent and after per cent. The 
changes the direction the terminal com- 
ponent are attributed conduction disturbance 
the boundary the neerotie area. 


LEPESCHKIN 
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Gillmann, H., and Faust, P.: Sectorcardiography 
New Method Electrocardiographic Docu- 
mentation and Comparison. Ztschr. Kreislauf- 
47: 397 (May), 1958. 

vectoreardiography did not prove suitable 
graphy” was developed rapid and adequately 
exact method designation for the spatial 
vectors from the standard lead electro- 
this method, the direction 
the highest vectors during S-T, and 
the frontal plane subdivided into 
the direction these waves the 
standard and unipolar limb leads. The 
tion these vectors the horizontal plane 
subdivided into sectors, the 
tion the waves leads and Vy. more 
exact subdivision this plane superfluous 
because the errors caused the eccentric 
position the heart. The application the 
method illustrated with several examples. 

LEPESCHKIN 


So, S., Klepzig, H., and Bilger, R.: Studies and 
Vectorial Considerations the Value Sup- 
plementary Precordial Leads. Ztschr. Kreis- 
laufforsch. 47: 429 (May), 1958. 

normal persons and patients without 
heart disease leads and showed positive 
waves QRS that did not exceed 0.5 mv. and 
were always smaller than the negative waves 
these exceeded 0.5 pattern appeared 
The the waves these leads was 
very variable. several patients with right 
these leads (especially the 
normal limits while other leads showed signs 
right ventricular The dorsal 
lead Vx, taken interspaces lower than the con- 
ventional level, showed much less variability than 
the same lead the conventional level. Persons 
with normal hearts never showed negative 
waves waves deeper than one third 
wider than 0.04 this lead. These 
patterns may appear this lead posterior 
myoeardial infarction even leads III and 
are not definitely abnormal. However, inversion 
the wave the lower lead may also 
appear left bundle-branch block digitalis 


effect. LEPESCHKIN 


Cisneros, F., Fishleder, L., and Sodi Pallares, 
D.: The Electrocardiogram Various Rheu- 
matic Defects. Arch. Inst. Cardiol. 
Mexico 28: (Feb.), 

The findings patients 
with valvular defects are reported. 
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Twenty these patients had pure predominant 
mitral stenosis, verified surgery; had ap- 
parently pure mitral regurgitation; had double 
mitral defects with predominant insufficiency; 
were patients with pure regurgitation. 
pure mitral stenosis the mean axis the wave 
directed the left and posteriorly; the wave 
may negative; was long duration, 
0.12 second more, per cent the 
these changes have never been seen pure mitral 
regurgitation. Tall waves the standard leads, 
bifid and waves were also more 
common mitral stenosis than regurgitation. 
mitral stenosis there was right axis deviation 
the QRS complex the frontal plane and 
deflection the right and forward the hori- 
zontal plane; therefore the mean solid axis was 
directed the right, downward, and anteriorly. 
The axis was directed the left and upward 
the frontal plane, the left and posteriorly 
the horizontal plane; hence the solid axis was 
directed upward, the left and backward. These 
findings were greater significance when the 
QRS and the axes were The transi- 
tion zone was usually displaced the left. These 
changes resulted from hypertrophy and dilatation 
the right ventricle, clockwise rotation the 
heart, and incomplete right bundle-branch block. 
regurgitation the QRS mean axis was 
oriented the left, upward, and posteriorly; the 
axis was directed downward, anteriorly, and 
the left. The transition zone was commonly dis- 
placed the right. This was due hypertrophy 
and dilatation the left ventricle and also 
rotation and incomplete 
bundle-branch block. pure predominant 
mitral regurgitation the find- 
ings varied between these extremes. The wave 
was frequently absent the left precordial leads 
mitral stenosis; this was interpreted due 
the greater participation the right ventricle 
the anterior surface the heart and also 
the “apex” and the left contour the heart. 
The wave was instead frequently seen 
aortic regurgitation and also pure mitral 
regurgitation due greater participation the 
left ventricle the anterior surface the heart. 


CALABRESI 


Dickens, J., and Goldberg, H.: Correlation the 
Precordial and Endocardial Ventricular Elec- 
trocardiogram. Am. Heart 56: (July), 
1958. 

Data are presented concerning simultaneously 
obtained right ventricular endocardial 
cordial leads patients who were studied 
during cardiac catheterization. This group con- 
sisted normal patients, with pure aortic 
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and with congenital heart lesions 
chiefly the right ventricle. Comparison 
these leads indicated that the both sets 
leads may attributed upper septal activa- 
ion. Similar endocardial patterns were obtained 
normal and patients with congenital 
lesions, well patients with normal 
criteria right ventricular 
hypertrophy right block thus 
that the mode the 
heart not altered from the normal these 
conditions. patients showing 
evidence left ventricular hypertrophy 
was not recorded the leads 
the right ventricle. The data indicated that 
the variation the precordial patterns found 
with similar patterns was reflection 
the position and the distal 
effeets left ventricular predominance the 
lished between the endocardial patterns and the 
age the patient, type lesion, right 
pressure, and type peripheral 
SAGALL 


Hon, H.: The Electronic Evaluation the 
Fetal Heart Rate. Am. Obst. Gynee. 75: 
1215 (June), 1958. 

The fetal heart rate during labor and delivery 
was studied methods employing 
fetal and maternal recorded 
ray for careful positioning the 
obtain good fetal electrocardio- 
was found that the fetal heart rate 
letermined throughout contractions provided 
nore information than the average rate 
letermined between contractions. Fetal brady- 

‘ardia during with the cervix di- 

ated em. normal vertex presentations. 
‘etal embarrassment was 
contractions less than em. more than 
em. dilatation vertex breech presentations. 
persisting between contractions 
ite manifestation fetal distress with serious 
amage the fetus. With normal breech and 
vertex presentations, fetal heart rate does 
slow during contractions. the minority 
vertex presentations, bradyeardia may 

vith with normal rate restored 
seeonds later. these fetal brady- 
ardia probably related increase intra- 
pressure, which turn related the 
‘egree cervical dilatation. probable that 
hanges the instantaneous fetal heart rate 

‘present sensitive index fetal distress. 


SHUMAN 


Jouve, A., Corriol, Velasque, P., Benyamine, 
R., and Peytavy, R.: Comparison Epicardial 
and Precordial Leads Man. Cardiologia 33: 
45, 1958. 

patients operated for mitral commis- 
surotomy, 126 direct epicardial leads from 
various ventricular locations were obtained after 
opening the pericardium. each patient, 
the had been explored before surgery 
multiple unipolar leads and charted 
map” the chest. The precise location 
the chambers relation the chest 
wall was verified with the help 
frontal Comparison the 
lead systems revealed considerable morphologic 
dissimilarities between direct epicardial leads and 
the corresponding precordial series. The dis- 
was particularly evident with 
right ventricular strain. The results this study 
failed confirm Wilson’s coneept similarity 
epicardial and precordial leads well the 
equivalence and intrinsicoid 
tions. 


Torner-Soler, M., Balaguer-Vintro, I., and Morato- 
Portell, M.: The Electrocardiogram Im- 
pending Myocardial Infarction. Cardiologia 
32: 355, 1958. 

were obtained patients 
during prodromal stages infaretion. 
all patients the was ab- 
normal and showed alterations the ST-T 
were interpreted ischemie alterations involving 
posterior wall and the anterior wall. 
the latter, the pattern changed pattern 
anterior wall necrosis after the development 


Dupuis, C., Dupuis, B., Adams, H., Lind, J., 
and Peltonen, T.: Further Studies the Car- 
diovascular Status Normal Newborn Infants. 
IV. Effect Adrenaline, Acetylcholine, per 
cent Oxygen, and 100 per cent Oxygen the 
Electrocardiogram. Pediat. 52: 649 (June), 
1958. 

study infants under days age 
presented. These infants were studied 
means serial making pri- 
mary use unipolar lead B,. The infants were 
divided into several groups; all were normal 
birth from physical examination. Several groups 
served controls, and group infants was 
given periodically per cent and 100 per cent 
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oxygen mask, and another group was given 
epinephrine and The 
changes were well recorded. 
tion the wave took place over day 
period and the older infants administration 
epinephrine produced changes the wave 
similar those found young infants 
who normally had pulmonary hypertension. 
change the tracing was found 
the administration 100 per cent oxygen. 
fants produced changes the pat- 
any positive statements regarding the nature 
pulmonary hypertension normal 
alone. 
HARVEY 


Trethewie, R.: The E.C.G. World Class 
Middle Distance Athletes. Cardiologia 32: 345, 
1958. 

During investigation the cardiovascular 
system Australian athletes, the author noted 
the frequent electrocardiographic 
abnormality consisting splintering and widen- 
ing the terminal part QRS, best seen 
lead lead special lead system re- 
ported previously. Invariably this was observed 
middle distanee runners and was most marked 
outstanding athletes whom later estab- 
lished the mile world This electrocar- 
variety attributed the authors 
delay activation some parts the 
basal portion the left ventricular myocardium 
engendered altered distribution the 
terminal ramifications the system. 
such change the ventricular acti- 
vation the author’s opinion, enhance 
significant degree the pumping mechanism 
the left ventricle and thus 
under stress. 


Pick 


PHARMACOLOGY 
Melville, I.: Studies the Cardiovascular 

Actions Chlorpromazine. Antiadrenergic 

and Antifibrillatory Actions. Arch. internat. 

pharmacodyn. 115: 278 (June), 1958. 

dogs anesthetized with phenobarbital, chlor- 
promazine doses from mg. per Kg. 
body weight induced transitory fall blood 
pressure that was not influenced vagotomy 
autonomie drugs: was suggested that this 
effect resulted from direct action the drug 
upon the heart blood vessels; tachyeardia and 
elevation the wave the 
however, were abolished vagotomy atropini- 
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zation. large dose chlorpromazine 
(10 mg. per Kg.) caused marked fall blood 
pressure with transient and inversion 
the wave: vagotomy atropinization did not 
prevent these changes. toxie cumulative 
tion was noted: following prolonged administra- 
tion the drug, the animals died 
state due the persistent hypotension. Chlorpro- 
mazine small doses antagonized the pressor 
effect norepinephrine; the pressor effect 
epinephrine was inverted. This inversion was 
not obtained however cats similarly treated 
which the brain had been destroyed; 
this, central nervous system re- 
flex mechanism was suggested. Chlorpromazine 
small doses also prevented the 
mias and fibrillation injections epi- 
nephrine during chloroform inhalation; even 
much higher doses the drug did not prevent the 
arrhythmias produced pressor pituitary extract 
ouabain. was suggested that the antago- 
nism arrhythmias was 
not direct effect chlorpromazine the heart, 
but possibly involved reflex central nervous 
system action. 
CALABRESI 


Levy, B., and Koelle, B.: The Cardiovascular 
and Respiratory Actions Rauwolscine. 
Pharmacol. Exper. Therap. 123: 278 (Aug.), 
1958. 

The mechanism involved the 
were studied dogs and 
type blocking agent. produced 
reversal the pressor response epinephrine 
and reduction the pressor response levarte- 
renol both the dog and Doses rauwol- 
that produced epinephrine reversal the 
blood pressure did not reduce the pressor response 
bilateral Much larger doses 
were needed inhibit contraction 
the nictitating membrane than produce epi- 
nephrine reversal. The drug exerted peripheral 
vasodilator effect both the innervated and de- 
nervated hind limb the dog. produced 
tachypnea consistently the dog but not the 
The effects rauwolscine the heart rate 
were not marked. The showed significant 
change rate even during hypotension. The dog 


RINZLER 


Melville, I., and Drapeau, V.: Studies 
the Cardiovascular Actions Chlorpromazine. 
II. Effects Cardiac Output, Coronary Flow 
and Heart Contractions. Arch. internat. phar- 
macodyn. 115: 306 (June), 1958. 
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BSTRACTS 


rved that small doses had 
feet, higher doses produced transient depression 

the output and still larger 

arrest. These were not ir- 

and could antagonized epineph- 
ne. Small doses chlorpromazine 
the cardiae effects and 
ven high doses only diminished 
the isolated and perfused rabbit heart chlor- 
induced depression heart contrac- 
ons and dilatation; the stimulating 
blocked even large doses. the 
olated perfused frog heart the negative 
chlorpromazine was also observed; this 
could not prevented epinephrine 
orepinephrine; could transitorily overcome 
the simultaneous perfusion ouabain, but 
ultimate toxie ouabin was not pre- 
ented. was that chlorpromazine 
exerted specifie anti-adrenergie action the 
dog, rabbit, frog heart, but had depressant 
and also the the coronary ves- 
sels. 

CALABRESI 
Litchfield, W., Manley, A., and Polak, A.: 

Stokes-Adams Attacks Treated with Cortico- 

trophin. Lancet 935 (May 3), 1958. 

Three patients with Stokes-Adams attacks who 
respond customary measures were 
eated with corticotrophin. 
strikingly within few hours. The 
echanisms improvement are 
ough these patients, age 45, the pos- 
ndle His was postulated. 


KURLAND 


aren, H.: Carbonic Anhydrase Inhibition. 

Augmentation the Renal Effect Meral- 

uride Acetazolamide. Pharmacol. Ex- 

Therap. 123: 311 (Aug.), 1958. 

augmentation the renal meral- 

ide acetazolamide was studied beagles. 
etazolamide, given time and hours, 
the effect meralluride when given 
hours and promoted the renal exeretion 
ium, chloride, and water. This augmentation 

following acetazolamide, which resulted 
netabolie acidosis that could 

presence normal plasma chloride 
ion. When the drugs are given simultane- 
ly, exeretion may less than that 
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following meralluride alone. For maximal 
effects, advised that the agents not 
given together. The most effective regimen 
for hour net sodium and chloride removal 
day and meralluride the day. 


RINZLER 


Weaver, C., Alexander, M., Abreu, E., 
Richards, B., Jones, R., and Begley, 
W.: The Mechanism the Hypotensive Ac- 
tion Narcotine Hydrochloride. Pharmacol. 
Exper. Therap. 123: 287 (Aug.), 1958. 

This report deals with study the 
with some comparison those related com- 
pounds. produces systemie vasodepression 
dogs which incompletely diphenhy- 
dramine and not affected atropinization, 
mideervieal vagotomy sinus and body 
denervation. Nareotine the intact dog proved 
relatively potent vasodilator with moderately 
long duration action. coronary 
and femoral blood flow. Tachyphylaxis the 
vasodepressive effect could pro- 
duced following 
Tachyphlaxis the systemie hypotensive action 
papaverine hydrochloride, ethaverine hydro- 
dioxylinephosphate did not 
produced These 
histamine. 

RINZLER 


Maxwell, A., Plummer, J., Ross, D., 
Daniel, I., and Seneider, F.: Factors Affect- 
ing the Blood Pressure Response Mammals 
the Ganglionic Blocking Agent, Chlorisonda- 
mine Chloride. Pharmacol. Exper. Therap. 
123: 238 (July), 1958. 

Chlorisondamine chloride was used model 
for agents observe its 
effeets the response the drug different 
species test animals, the presence and absence 
barbiturate anesthesia, and the type experi- 
mental hypertension. was found that the blood 
pressure the unanesthetized normotensive mon- 
key and rabbit showed definite and sustained 
fall and diastolie levels after intra- 
venous administration the drug. the other 
hand, the blood pressure the dog and rat under 
the same conditions did not respond with per- 
sistent fall. contrast, normotensive dogs, after 
pentobarbital, showed fall and dias- 
pressures associated with relative brady- 
following the agent 
administration; rats, after Dial-Urethane, like- 
wise showed fall blood pressure following 
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injection chlorisondamine chloride. The dog, 
the malignant phase renal hypertension, 
responded with sustained and diastolic 
decline following injection the 
blocking agent. Studies the output, 
mean blood pressure, peripheral resistance, and 
cardiac volume indicated that the barbiturates 
interfere with compensatory 
normally function the normotensive dog and 
rat during blockade and that these 
compensatory mechanisms appeared less 
predominant the monkey and rabbit. 
RINZLER 


Burn, H., and Rand, J.: Noradrenaline 
Artery Walls and its Dispersal Reserpine. 
Brit. 903 (April 19), 1958. 

The origin norepinephrine which was found 
the walls arteries not definitely known. 
has been suggested that comes out steadily 
from the nerve fibers. The authors 
offer evidence that the accumulation norepi- 
nephrine can dispersed the action reser- 
pine the course several hours. When this 
nicotine and which are 
usually vasoconstrictive, lose this action the 
blood vessel involved. might that this 
action nicotine, namely the release norepi- 
nephrine from the vessel, accounts for the pain 
that oceurs when patient with thromboangiitis 
obliterans smokes. the basis their experi- 
ments, the authors suggest that reserpine might 
value peripheral vasoconstrictive disease 
states. this the use reserpine 
limited its effect the central nervous sys- 
tem. 


Grettve, J., and Johansson, B.: Digitalis Allergy: 
Review the Literature and Report Case. 
Cardiologia 32: 374, 1958. 

year old woman who had taken tablets 
digitalis leaf for many years developed itching 
and skin rash consisting exanthema, 
first papular, later bullous appearance, asso- 
ciated with eosinophilia. Idiosynerasy could 
demonstrated injection number com- 
mercial digitalis preparations, 
digitoxin, and digoxin, but skin tests 
were negative. durgs failed 
control the allergie reaction. 


PHYSIOLOGY 
Selzer, A., and Sudrann, B.: Reliability the 
Determination Cardiac Output Man 
Means the Fick Principle. Circulation Res. 
485 (July), 1958. 


ABSTRACT: 


There was satisfactory reproducibility 
eases. The median error separate determ 
nations using the Fick within 
ute time period was 8.6 per cent. The potenti: 
error due variations blood oxyge 
was major importance the dete: 
tion, satisfactory steady state 


majority patients. 
AVIADO 


von Euler, and Lishajko, F.: 
amines the Vascular Wall. Acta physio 

42: 333, 1958. 

This report deals with the presence norep 
nephrine and its congeners chiefly 
lung vessels. Bovine splenie arteries and vein 
contain about 0.3 0.4 norepinephrine 
gram. Bovine pulmonary vessels with diamete 
mm. and above contain amounts 
amines similar those vessels. Lun 
vessels and other vessels from the dog, 
larger amounts amines tha 
those from bovine sources. There 
distribution amines even within the lung, for 
large bovine lung vessels contain times more 
norepinephrine than peripheral lung tissue. Chro- 
motographie separation catechol 
and pulmonary vessels indicate the pres- 
ence acid, dihydroxy- 
mandelie acid, dopamine norepinephrine 
which are similar for the kinds vessels but 
differ greatly from the relative and absolute 
amounts found lung tissue. 


RINZLER 


Harris, A., and Thomson, G.: The Pulmo- 
nary Ventilation and Heart Rate during Exer- 
cise Healthy Old Age. Clin. Se. 17: 349, 
Pulmonary ventilation, tidal volume, alveolar 

dioxide tension, respiratory exchange, and 

heart rate response exercise different 

intensities have been measured men, age 

age 26. The older group showed higher 
total ventilation for any given load attained 

lower mean tidal volume and little larger phys 

dead space. Alveolar dioxide pre 
sure was the same the groups. The 

dead space diminished with rate 

work. The old men also showed higher exerci 

heart rate oxygen uptake around 1500 

per minute due slow rise rate between 

end the first half minute and the end 

fourth minute. 
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BSTRACTS 


oltke, E., and Worning, H.: Studies the 
Hydrogen Ion Concentration, Oxygen Satura- 
tion, and Carbon Dioxide Tension the Arte- 
rial Blood Patients with Cardiac Dyspnea. 
med. seandinav. 397, 1958. 
The hydrogen ion concentration, oxygen satura- 
and dioxide tension the arterial 
ood were investigated patients with 
dyspnea and, for patients 
ith dyspnea due pulmonary disease. 
majority patients with pulmonary dyspnea 
reduced oxygen saturation, increased 
dioxide tension, and decrease pH. Pa- 
ents with dyspnea exhibited normal 
reduced oxygen saturation, normal 
dioxide tension and either 
ormal shifted toward the alkaline side. 
dyspnea there was significant differ- 
oxygen saturation and dioxide 
between patients with mild severe 
dyspnea rest except those with arterial 
oxygen saturation greater than per cent. 
latter group dioxide tension was sig- 
lower those with severe rather than 
dyspnea rest. patients with pulmo- 
nary dyspnea the oxygen saturation was signifi- 
cantly lower and the dioxide tension sig- 
higher the presence severe dyspnea 
opposed mild dyspnea rest. The dyspnea 
congestive heart failure cannot 
said due changes the blood 
chemieal studies that were done. The authors 
conelude that dyspnea probably due 
the pulmonary arterial pressure. 


D., Blumenfeld, Yildiz, M., and Jody, 
A.: The Effect Atrial Impulse Formation 
Hypertonic Solution Sodium Chloride Ap- 
plied Focally. Am. Heart 56: 236 (August), 
1958. 
was found mongrel dogs that was pos- 
brief runs atrial flutter atrial 
‘illation with great regularity stim- 
ition the vagus nerve after about 0.05 ml. 
ter had been injected subepicardially over the 
the sinus node (taenia terminalis). 
instances, the flutter fibrillation started 
ween the QRS complex and the wave 
beat during the vagus stimulation. These 
dings that the abundance sodium 
these experiments enhanced and created the 
mation atrial impulse and that 
‘opie atrial beats during the vagus 
any beat appearing during the vulner- 
phase preceding one may lead the 
firing and atrial fibrillation 
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flutter. The application broad ligature across 
the sinus node area and the encompassing tissue 
the right and left the taenia terminalia did not 
interrupt alter existing atrial flutter fibril- 
lation. This observation was interpreted pre- 
the possibility that these attacks were 
due wave traveling down the 
sinus node around the intereaval bridge. 


SAGALL 


Grosse-Brockhoff, and Wolter, H.: The 
Filling Pressure the End Diastole 
Chronic Pressure and Volume Overload the 
Right Ventricle. Ztschr. Kreislaufforsch. 47: 481 
(June), 1958. 

patients with pure pulmonary stenosis, 
right atrial and ventricular pressure the be- 
ginning the QRS complex the 
gram was found with the maximal 
right ventricular pressure. 
behavior was found for the amplitude the 
atrial contraction wave the right atrial pres- 
sure curve. The mean diastolic pressure showed 
elevation unless there were signs right 
ventricular failure. the contrary, pa- 
tients with atrial septal defects there was 
definite relation between the increase right ven- 
tricular output and the right atrial pressure the 
end diastole the amplitude the atrial con- 
traction wave. 


LEPESCHKIN 


Edwards, T., and Korner, I.: Factors 
Determining the Dispersion Dye Indicator 
Dilution Curves the Normal Mammalian Cir- 
culation. Clin. Se. 17: 265, 1958. 

Dye-dilution curves were obtained dogs 
following injection different sites and levels 
flow and volume order show that, 
normal animals, the anatomy the 
between injection and sampling sites was de- 
terminant the contour the dye Vol- 
ume between injection and sampling sites was 
varied altering the injection site, which in- 
creased the volume and the path 
length, and bleeding, which altered the vol- 
ume without changing the path length. When 
dye was injected into the pulmonary artery, the 
curves had larger variance, earlier appear- 
ance time, and lower peak concentration for 
flow and volume than was observed fol- 
lowing injection into the inferior vena Re- 
mean flow and volume bleeding did 
not alter the equations relating variance the 
curves flow and volume. 


KURLAND 
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Fowler, Bloom, L., and Ward, A.: 
Hemodynamic Effects Hypervolemia with 
and without Anemia. Circulation Res. 163 
1958. 

Experiments dogs suggest that the 
eardiae output following infusion dextran 
solution related the anemia produced thereby 
and not the expansion whole blood volume 
the inerease filling pressure. This 
hypothesis based the observation that hyper- 
volemia without anemia does not cause in- 
output, whereas hypervolemia with 
anemia output. The ultimate mecha- 
nism for the output has not yet been 
identified but the most attractive one the re- 
lease stimulant humoral agent 
anemia. 

AVIADO 


Cannata, D., and Narbone, B.: Clinical Obser- 
vation the Role the Vegetative Nervous 
System the Pathogenesis Atrial Fibrilla- 
tion. Cardiologia 32: 329, 1958. 

The authors reviewed the literature dealing 
with experimental and observations 
the relationship neurovegatative stimuli and 
atrial flutter and fibrillation. Usually vagal stim- 
ulation predisposes to, triggers the onset 
these disorders rhythm, but rare 
with special conditions the myo- 
cardium, inereased vagal tone may terminate the 
atrial arrhythmia. Two examples are 
presented which paroxsyms atrial fibrilla- 
tion could induced stimu- 
lation. This was demonstrated records reveal- 
ing consistently slowing the sinus rate prior 
the onset fibrillation, atrial 
premature systoles and short bursts atrial 
fibrillation under carotid sinus pressure, aboli- 
tion fibrillation subsequent atropine injee- 
tion and appearance and disappearance fibril- 
lation independent changes posture. 


Pick 


Beznak, M.: Cardiac Output Rats During the 
Development Cardiac Hypertrophy. 
tion Res. 207 (Mareh), 1958. 

Aortie constriction rats caused immediate 
decrease output. After week, the 
hypertrophied heart maintained nearly normal 
hemodynamie situation. The hypertrophied heart 
was not only enlarged but was 
inerease “reserve the maximum 
output induced infusion. The actual stimulus 
for the hypertrophy was not revealed the ex- 
periments. 


AVIADO 


Cunesco, V.: Hemodynamic Aspects 
Arrhythmias. Arch. mal. coeur 51: 329 (April 
1958. 

Extrasystoles appearing during 
pulmonary artery pressure pulse, caused rise 
pressure superimposed this systole and 
sulted its amplitude and dur: 
tion. Extrasystoles appearing during the pha: 
relaxation produced rise pressure 
greatly reduced amplitude and duration; 
not accompanied ejection into the great 
sels. appearing during the fillin 
period were characterized prolongation 
latent period and shortening 
beat shoWed decreased latenc 
period and duration and amplitude 
contraction; these changes may present als 
the subsequent beat. difference was foun 
between atrial and extrasystoles. 
atrial fibrillation the diastolie 
line was smooth, while atrial flutter 
deviations coinciding with the flutter waves. 

LEPESCHKIN 


Liebau, G.: Cause and Effect the High Pressure 
Gradient the Arterioles. Ztschr. 
47: 385 (May), 1958. 

that the total resistance flow 
greater the capillaries than the arterioles, 
but this would not explain the that the de- 
crease mean arterial pressure greater ar- 
terioles than the eapillaries. Observation 
blood flow the ocular fundus shows that pulsa- 
tion the arterioles largely transmitted the 
venules that them. This transmission 
could have great importance facilitating blood 
flow these veins, and would also account for 
the considerable pressure gradient the 
oles. The transmission arterial pulse the 
veins would also result immediate 
venous return whenever there sudden rise 
heart output. 

LEPESCHKIN 


Walton, P., and Darby, D.: Circulator, 
Effects Salicylates. Res. 15) 
1958. 

The injection sodium salicylate (100 mg. 
Kg.) consistently produced prompt 
heart contractile anesthetized dogs. 
effect, however, was moderate compared wit 
typical stimulant drugs such digitalis, 
little reason consider that this limited 
heart has any significant impo: 
tance beyond the fact that this may taken 
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that the usual doses salicylates 
‘obably not seriously depress myocardial con- 

AVIADO 


RENAL AND ELECTROLYTE 
EFFECTS THE CIRCULATION 


A., and Pearce, L.: Renal Adap- 
tations Postural Changes Chronic Conges- 

tive Heart Am. Heart 56: 202 

(August), 1958. 

The renal response postural changes the 
table was studied patients chronic 
mgestive heart failure. normal individuals 
adjustment the standing position in- 
decrease the renal plasma flow the 
lomerular filtration rate and the urinary rate 
exeretion sodium and water. Patients with 

mild degree congestive failure showed re- 
ponse similar that normal individuals. 
ongestive failure became more marked this or- 
response was reduced and certain 
patients with severe heart failure there was es- 
sentially response the tilt position. 

SAGALL 


Hutt, R., Pinninger, L., and Wardener, 
E.: The Relationship between Clinical 
and the Histological Features Acute Glome- 
rular Nephritis. Quart. Med. 27: 265 (April), 
1958. 

Renal biopsies were performed days 
the onset illness patients with acute 
lomerulonephritis, and the clinical features were 
ompared with the structural changes. general, 

was broad measure agreement regarding 
‘verity between the and fea- 
ructural lesions the glomerular tufts, and 
omerular disease. Changes the tufts are 
appeared more reliable indication 

abnormality than the blood urea. 
ipairment the ability was 
distal tubules. sedimentation rate greater 
mm. hour was good evidence 
renal damage with interstitial and 
bular lesions. Only patients had proteinuria 
more than year; both had numerous tubular 
sions. 

KURLAND 


olland, C., and Klein, L.: Effects Tem- 
perature and Concentration and Quini- 
dine Transmembrane Flux and Inci- 
dence Atrial Fibrillation. Circulation Res. 
516 1958. 
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Quantitative studies the isolated rabbit 
atrium have revealed that the 
tion accompanied net loss potassium. 
Fibrillation and its associated flux changes were 
inhibited decrease temperature, decrease 
intracellular potassium and the 
presence quinidine. The data presented did 
not establish whether the permeability change 
was the cause the result the initiation 
arrhythmia. 


Keyl, C.: Digitalis Antagonism. Arch. Int. 

Med. 101: 849 (May), 1958. 

Based data obtained from dogs poisoned 
strophanthin, attempt was made differen- 
tiate between mild and severe digitalis 
tion. This was studied means the response 
the antagonism the potassium ion. has 
been postulated that digitalis the 
primary may involve interference with 
active transport potassium the 
cells and this interference proportion the 
dose digitalis. When digitalis 
mild, seems that the use potassium any 
form will the deficit. However, 
when digitalis severe, the anion 
the potassium salt may factor determining 
its effectiveness. particular, the authors were 
impressed with the results obtained when potas- 
sium was used the glutamate. They speculate 
the mechanism potassium gluterate and glu- 
tamate reversal strophanthin toxicity under 
where the chloride was ineffective. 
suggested that the glutamate ion may operate 
its ability promote active transport po- 
tassium the depleted cells. 

KRAUSE 


Riddle, M., Gardner, F., Beswick, I., and Filshie, 
I.: Nephrotic Syndrome Complicating Mercurial 
Diuretic Therapy. Brit. 1274 (May 31), 
1958. 

diureties are important and valu- 
able adjunct the treatment congestive heart 
failure. However, they are potentially dangerous 
their action the renal tubular epi- 
thelium. There have been reports 
the the syndrome after 
prolonged administration diureties. 
The authors present cases the nephrotie syn- 
drome, them fatal, which appeared following 
the use mereurial diuretics. The fatal cases 
were autopsied and each presented similar patho- 
logie changes the kidneys, resembling qual- 
ity those seen acute poisoning with mereurie 
chloride. Furthermore, none these eases had 
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evidence kidney disease before the administra- 
tion the and each had normal urine 
before treatment was begun. Additional con- 
vineing evidence was the fact that autopsy, 
excess was found the renal 
tubules eases and, furthermore, cause 
other than damage the kidneys was 
found. Early recognition this condition 
the utmost importance fatal outcome 
avoided. Close supervision patients treated 
with including regular urine 
analysis essential. The most useful evidence 
tubular damage the persistence albumin 
despite satisfactory diuresis response mer- 
therapy. 
KRAUSE 


Melville, I., and Korol, B.: Cardiac Drug Re- 
sponses and Potassium Shifts. Studies the 
Interrelated Effects Drugs Coronary Flow, 
Heart Action and Cardiac Potassium Move- 
ment (Section I). Am. Cardiol. (July), 
1958. 

Isolated rabbit heart preparations were stud- 
ied. The administration epinephrine, norepi- 
nephrine, isoproterenol, theophylline during 
perfusion via the aorta with normal Locke’s so- 
lution generally the strength and rate 
contraction, dilated the coronary arteries, and 
led net loss potassium from the heart. 
Reduction the potassium content the Locke’s 
solution per cent resulted greater 
degree stimulation and coronary dila- 
tation when the above drugs were given; the 
same time the mean potassium shifts from the 
hearts were not significantly changed. Perfusion 
with potassium-free Locke’s solution regularly 
was followed rapidly progressive increase 
rate and amplitude contraction and in- 
creased coronary flow ending ventricular fibril- 
experiments are reviewed. 


Flowers, E.: Carbonic Anhydrase Inhibitor 
75: 1180 (June), 1958. 

The effect Diamox upon urine volume, body 
weight, and sodium and potassium exeretions was 
evaluated using the diuretic index Kattus. The 
drug was found have virtually effect upon 
normal pregnant patients with edema hy- 
pertension. those with edema but without 
hypertension, Diamox produced more rapid loss 
fluid and electrolyte than did treatment with 
low-sodium diets (700 1000 mg.). However, 
unless sodium intake was restricted, the use 
Diamox was associated with subsequent retention 


ABSTRACTS 


sodium and water. patients with edema 
and hypertension favorable response 
with the use Diamox; however, the enhanced 
excretion sodium appeared unimportant 
the management these patients. There was 
clinical improvement until after delivery. The 
patients receiving Diamox had greater hypo- 
tensive response than those treated without spe- 
cific therapy. The drug was ineffectual patients 
with severe toxemia pregnancy, eclampsia, re- 
duced glomerular filtration, impaired renal fune- 
tion, profound electrolyte disturbance. 


SHERMAN 


RHEUMATIC FEVER 
Breese, B., and Disney, A.: Penicillin 

the Treatment Streptococcal Infections: 

Comparison Effectiveness Five Different 

Oral and One Parenteral Form. New England 

Med. 259: (July 10), 1958. 

comparison was made the effectiveness 
the treatment 611 children 
streptococeal infections form parenteral 
penicillin single injection 
600,000 units benzathine penicillin and 
different oral preparations (benzathine penicillin 
tablets, penicillin with probenecid suspen- 
sion, penicillin with probenecid tablets, buffered 
potassium penicillin tablets, and penicillin V). 
Treatment with the oral preparations was main- 
tained for days. Penicillin any the forms 
used was found effective agent the 
immediate treatment streptococeal infections. 
Study the “cure rate” the end months 
and the relapse rate within days indicated 
that the single intramuscular 600,000 
units benzathine penicillin was superior 
the oral forms penicillin, pro- 
cost and avoidance the 
problem oral administration drugs chil- 
dren. The chief disadvantage comprised the 
painful local reaction frequently observed and 
the psychologic trauma injection. Among 
the oral preparations single preparation was 
found significantly superior the others. 
There was significant difference between the 
oral and forms penicillin the 
allergic reaction rate. The authors conclude that 
the first choice treatment in- 
fections children single intramuscular dose 
600,000 units benzathine penicillin but 
oral preparation used cost factors 
would make buffered penicillin dosage 
800,000 units daily for days the first choice. 
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Schreier, J., Hockett, E., and Seal, 
Mass Prophylaxis Epidemic Streptococcal 
Infections with Benzathine Penicillin 
Experience Naval Training during the 
Winter 1955-1956. New England Med. 258: 
1231 (June 19), 1958. 

The results the use single 600,000-unit 
benzathine penicillin navy recruits 
attempt minimize streptococcal infection 
and fever are reported. The injection 
was administered 19,561 arriving 
one training station between November 22, 1955, 
and April 14, 1956. This program appeared 
have reduced the streptococeal infec- 
tions over that experienced previous winters 
when prophylaxis either was not used em- 
ployed only after outbreak had The 
incidence fever was also lower 
those recruits who received prophylaxis. The 
single 600,000-unit injection benzathine peni- 
cillin apparently afforded high degree indi- 
vidual protection against streptococeal infection 
for period about weeks. There were 145 
episodes adjudged sensitivity reac- 
tions after prophylactic benzathine penicillin. 
This rate 0.74 per cent was very close that 
found smaller previous experiment this 
station and was about twice that observed after 
mass oral penicillin. serious reactions were 
observed and the majority sensitivity reactions 
were mild and transient with good response 


antihistaminie drugs. 
SAGALL 


McFarland, B., Colvin, G., and Seal 
Mass Prophylaxis Epidemic Streptococcal 
Infections with Benzathine Penicillin II. 
Experience Naval Training Center during 
the Winter 1956-57. New England Med. 
258: 1277 (June 26), 1958. 

The experience with mass pro- 
gram employing single benzathine 
penicillin reeruits naval training station 
during the fourth week their day stay 
reported. Annual in- 
feetions and rheumatie fever had previously been 
problem this station. The probable effective- 
ness the program with benzathine 
penicillin during the winter 1956 and 1957 was 
disease the history the station and the 
fact that only cases fever 
among the men risk. Dosages both 
600,000 and 1,200,000 units benzathine penicil- 
lin were used, but the larger dose did not appear 
inerease the degree duration protection. 
Adverse sensitivity reactions penicillin were 
not deterrent the program. 


SAGALL 
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McFarland, B.: Reactions Benzathine Peni- 
New England Med. 259: (July 10), 
1958. 

reactions observed 175 
patients resulting from total 12,858 single 
injections benzathine penicillin given 
military personnel for prophylaxis streptococ- 
cal infections are described. This was reaction 
rate 1.3 per cent. The reactions observed 
ranged all the way from mild urticaria, lasting 
lasting several weeks. manifesta- 
tions only oceurred per cent this group 
while more severe reactions developed 130 
patients per cent. Fourteen patients out 
1,000 men injected) had reactions severe 
enough require cortisone therapy. The reac- 
tions were the delayed type and usually be- 
came manifest days after the injection, 
although some early the day 
injection and some late days after in- 
jection. The signs and symptoms the allergic 
reactions tended prolonged and 
recurred after they had temporarily abated, par- 
ticularly areas subject trauma. Response 
steroid therapy was prompt, but antihistamine 
therapy appeared have only slight effect 
diminishing the length illness caused the 
allergy. Many reactions were observed clear 


rapidly without therapy. SAGALI 


Catanzaro, Rammelkamp, H., Jr., and 
Chamovitz, R.: Prevention Rheumatic Fever 
Treatment Streptococcal Infections. II. 
Factors Responsible for Failures. New 
Med. 259: (July 10), 1958. 

military hospital 5198 patients who re- 
ceived treatment with sulfadia- 
zine for tonsillitis pharyngitis 
were studied determine the factors responsible 
for the development fever. this 
group later developed acute fever 
despite therapy. Eighteen these patients were 
excluded from the study because the historical 
and bacteriologie evidence did not clearly 
that the observed and treated streptococeal in- 
feetion was the primary precipitating factor for 
their fever. patients acute rheu- 
matie fever developed during the first hours 
the streptococeal illness and treatment 
would not expected prevent fever, 
since was already present. Study the vari- 
ous factors concerned the remaining pa- 
tients with acute rheumatic fever showed that the 
fever was the fact that the infecting type 
was not eliminated therapy. 
Other factors lesser importance were the acqui- 
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sition new infection after therapy and 
history previous attacks rheumatie fever 

SAGALL 


Costero, I., Barroso-Moguel, R., Chevez, A., Mon- 
roy, G., and Contreras, R.: The Lesions 
Rheumatic Fever Patients Treated with 
Cortisone. Endomyocarditis. Arch. Ints. 
Cardiol. 28: 155 (Mareh-April), 1958. 
report presented the pathologic changes 

found the hearts patients with severe 

rheumatie fever who had been treated with 
tisone its analogues and died because rheu- 
matie Studies other organs and also 
nonspecifie effects cortisone will reported 
data were given, but the 
cases studied were said sever- 
ity: the dosage cortisone (or prednisone 
prednisolone) administered and the duration 
treatment were tabulated. Doses considered ade- 
quate their systemic the 
disease process were found without influ- 
valves; the fibrinous substance the ver- 
was organized slowly; the underlying 
nective tissue exhibited important 
reaction; infiltration inflammatory cells was 
lacking. Fibrinoid the endoeardial 
and connective tissue was found more 
frequently and more extensively patients who 
had been treated with cortisone than nontreated 
cases; the organization and reabsorption the 
fibrinoid was slower the treated 
eases. The number Aschoff’s bodies decreased 
effect treatment; the architecture the 
nodules was altered that the follicular cells 
resembled fibroblasts and elaborate collagen; the 
protoplasm some the Aschoff cells 
strongly basophilic; nodules were promi- 
nent. The the 
Aschoff cells seen these treated cases support 
the opinion that they are fibroblastie origin. 
CALABRESI 


ROENTGENOLOGY 


Berrett, and McRae, L.: Follow-Up 
study after Thorotrast Carotid Arteriography. 
Canad. 78: 916 (June 15), 1958. 
Possible toxie effeets from admin- 

istration were sought studying 136 patients 

who had had arteriograms for aver- 
age years previously. The commonest 
effect, seen per cent, was fibrosis about the 
injection site (thorotrastoma), probably 
extravasation the agent. This despite 
the use open but was usually small 
and The only effect noted that 
was attributable the prolonged reten- 
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tion radioactive material (thorium dioxide) 
was persistent density the liver, 
spleen, and abdominal lymph Hemograms, 
chest and long-bone x-rays were available 
minority patients and 
While more and longer follow-up studies are 
needed, present appears that Thorotrast 
toxicity largely loeal nature. 


Tatelman, M.: The Angiographic Evaluation 
Cerebral Atherosclerosis. Radiology 70: 801 
(June), 1958. 

Two hundred consecutive patients with the 
diagnosis “stroke” cerebral vaseular 
accident admitted the Cerebro Ser- 
vice Detroit Memorial Hospital were studied 
were 
per cent Hypaque. From many in- 
jections were given per patient with only 
toward reaction, immediate fatality 
old woman who was ill. Autopsy 
this ease revealed neoplasm almost completely 
the main pulmonary artery the prox- 
imal portions its branches. appears that 
angiographie studies are quite safe cerebral 
disease. The combined neuro- 
logie and study such patients has 
vielded much valuable information the eti- 
ology symptoms. addition the more com- 
monly deseribed the internal carotid 
and middle cerebral arteries, there 
artery system and the anterior cerebral artery. 
rosis without and the im- 
the internal artery was en- 
countered 10.5 per cent the 200 patients, 
the anterior cerebral artery 7.5 per the 
middle cerebral artery 4.5 per cent, and the 
vertebral-basilar arteries 2.5 per 
narrowing the internal artery 
without complete was found per 
this series. Fifty eight per cent showed 
made for visualizing the internal earotid artery 
down its origin and for examining all vessels 
for early signs atherosclerosis. 


UNCOMMON FORMS 
HEART DISEASE 
Friedman, and Ash, R.: Glycogen Storage 


Disease the Heart. Pediat. 52: 635 (June). 
1958. 


detailed report infants who died with 
glycogen-storage disease These 
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children were all less than months age, were 
normal birth and later developed upper re- 
spiratory tract infection, for which they were 
admitted the hospital. the course ob- 
servation they were discovered have 
murmurs and enlargement. All devel- 
oped weakness and died respiratory 
type death. Autopsies were performed all 
and musele was submitted Dr. Gerty Corey 
for analysis glyeogen and amylo 1-6 glucosi- 
dase. extensive discussion the 
diographie changes these patients presented. 
All tracings showed sinus tachyeardia, QRS 
complexes were high amplitude, the 
val was not prolonged, and the Q-T interval was 
within the normal range. There was axis 
deviation. prominent wave the 
right side the chest and the QRS complexes 
were the left side the chest. De- 
pressed S-T segments were found the limb 
leads, negative waves were present all stand- 
ard limb leads, and late inversion the and 
negative waves the left side the chest 
were demonstrable some the tracings the 
chest leads. extensive pathologie report 
presented patient. 
HARVEY 

Coates, O., Jr., and Drake, H.: Myxoma 

the Right Atrium, with Variable Right-to-Left 

Shunt: Clinical and Physiologic Observations 

and Report Case with Successful Operative 

Removal. New England Med. 259: 165 (July 

24), 1958. 

The year old woman whom sue- 
cessful surgical removal myxoma the right 
atrium was open heart opera- 
tion, using pump oxygenator and 
heart reported. Arterial-blood oxygen studies 
demonstrated shunt (through 
patent foramen ovale) varying with change 
body position, affording important clue the 
correct diagnosis. The findings 
terization closely resembled those Ebstein’s 
syndrome. The definitive preoperative diagnosis 
myxoma the right atrium was established 
large, lobulated filling defect the right atrium. 
Since surgical cure these lesions now pos- 
sible, the intracardiae myxomas dur- 
ing life important. 


Hanley, T., Platts, M., Clifton, M., and Morris, 
L.: Heart Failure the Hunchback. Quart. 
Med. 27: 155 (April), 1958. 

The clinical arterial blood gases and 
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with -severe kyphoscoliosis and compared with 
comparable observations patients with 
gestive failure and without congestive failure. 
The signs the cardiovascular system patients 
with heart failure were similar those em- 
physema with anoxie cor pulmonale. 
decompensation was often precipitated exa- 
cerbation respiratory infection. exam- 
ination the heart was usually not striking but 
the periphery showed undue warmth 
ing, full abrupt pulse and severe central cyanosis. 
moderate rise pulmonary artery pressure. Se- 
vere kyphoscoliosis with without fail- 
ure produced great reduction total lung 
capacity, vital capacity, maximum ventilation, and 
large residual air, but little evidence impaired 
mixing bronchial obstruction. arte- 
rial oxygen saturation and retention 
dioxide were present patients with true 
heart disease but only the 
patients without heart failure and provided 
clearer distinction between the groups than any 
studies. 


KURLAND 


VASCULAR DISEASE 


Clarke, E., and Harris, P.: Thrombosis the 
Internal Carotid Artery. Lancet 1085 (May 
24), 1958. 

Thrombosis the internal artery may 
present the clinical picture 
lesion. Five patients are presented whom 
cerebral neoplasm was diagnosed and 
The symptoms developed stages: 
first, the progressive intermittent appearance 
foeal symptoms such headache, 
localized weakness, paresthesias dysphagia 
and, second, the features 
cerebral lesion. Radiography, lumbar 
electroencephalogram may not the diag- 
nosis. Certain differentiations only made 
angiography. 

KURLAND 


Robicsek, F., Sanger, W., Taylor, H., 
Magistro, R., and Foti, E.: Pathogenesis and 
Great Vessels. Ann. Surg. 147: 835 (June), 
1958. 

the basis catheterization studies 
man with pulmonie stenosis and aortie 
tion and experimental observations, 
the authors offer explanation for the patho- 
genesis the paradox post- 
dilatation. They point out that any change 
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that elevates the blood pressure results 
weakening the wall vessel the cireum- 
area might cause widening the artery 
that particular section. Since the direct 
catheterization studies and the model experi- 
ments localized arterial blood pres- 
sure were not found the region, 
the theory elevation lateral pressure 
below the level the stenosis the cause 
the dilatation eliminated. The 
hemodynamie studies indicated that the turbulent 
flow and, perhaps more important, with 
bubble formation the area were 
the factors causing severe injury the vessel 
wall and dilatation. These factors acted more 
severely when the stenosis was abrupt rather than 
gradual. The dilatation was im- 
portant differential sign between steno- 
sis involving short long segment vessel. 
Poststenotie dilatation appears favorable 
factor blood because improves 
the blood flow below the level the stenosis 
primarily the collateral flow and 
lesser degree the flow through the stenosis itself. 


SAGALL 


Chason, R.: Cerebral Infarction Secondary 
Occlusive Arterial Disease. Radiology 70: 811 
(June), 1958. 

Bland the central nervous system 
are forms. The more common the anemic 
type, where secondary hemorrhage limited 
the periphery the area necrosis; the less 
common the infaret, where blood 
fills all most the area destroyed. After 
and liquiefaction gradually ensue. These changes 
begin probably within hours, but the radiologist 
most often confronted with such 
that the second third week. this time 
fluid and cell infiltration within the 
region produce enlargement suggest- 
ing expanding mass. Such progressive en- 
largement ends when the rate removal the 
necrotic material exceeds the rate attraction 
fluid and reactive cells, usually the end 
the third week. After this there gradual 
decrease the size the accompanied 
enlargement the adjoining ventricular 
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and subarachnoid spaces. infare- 
tion the story similar that the anemic 
infaret except enlargement earlier and 
greater degree and longer duration. Vessels 
the infaret rapidly undergo necrosis. Other 
vessels are subjected hypoxie state, which 
stimulates hypertrophy and hyperplasia the 
endothelial cells. The lumens these vessels 
are decreased size and their effective use 
collateral channels impaired. Distal the 
point arterial obstruction, arterial 
emboli may form within the infaret and exert 
detrimental influence upon the utilization 
the vessels part the collateral circulation. 
The thrombus embolus may enlarge 
either distally proximally and form further 
serious threat the availability the existing 
channels. 


Meyer, Theory and Rationale Anticoagu- 
lant Therapy Occlusive Cerebral Vascular 
Disease. Radiology 70: 815 (June), 1958. 

generally conceded that long-term anti- 
coagulant therapy benefit arteriosclerotic 
thrombosis and the internal carotid 
and basilar arteries associated with intermittent 
episodes. Such therapy 
incidence abolishes entirely the attacks but 
does not appear affect significantly the course 
present report concerned with investigation 
the action anticoagulant drugs experi- 
mental cerebral disease. appears that 
the mechanism changes cerebral 
vaseular resistance following cerebral vascular 
ocelusion first slowing local flood flow 
with anoxia resulting endothelial 
damage and loss fluid constituents 
the blood. This results brain edema and 
Hemoconcentration 
formed elements the blood and the endothe- 
lium. The administration heparin and Dicu- 
marol prevents the adhesiveness red cells, 
white and platelets, and this means pre- 
vents cerebral vascular resistance and 
promotes better collateral circulation. 
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FRANCIS CHAMBERLAIN, M.D. 


Chamberlain, M.D., took office 
President the American Heart Association 
the Association’s recent Annual Meeting San 
Dr. Chamberlain, Associate 
Professor Medicine, University California 
School Medicine, San has been 
leader for decade the Heart 
program. member the national Board 
1952, Dr. Chamberlain was elected 
Vice-President for the 1956-57 term. was 
Chairman the Association’s Policy Committee 
from 1955-57 and has served the Research Study 
Committee the Section Cardiology. 
Dr. Chamberlain has also served President 
the California Heart Association and the San 
Heart Association. 

Born Santa Cruz, Calif., Dr. Chamberlain 
received his undergraduate and medical degrees 
the University California and his M.Se.D. 
Columbia University New York where spent 
two years resident Medicine and Cardiology 
Columbia Presbyterian Hospital, from 1935 
37, and year, from 1937-38, Massachusetts 
General Hospital, Boston, Cardiology Resident. 
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Dr. Chamberlain interned Stanford University 
Hospital has been resident physi- 
cian and Vice Chief Staff the University 
California Hospital and has held appointments 
many other hospitals the San area. 
His training includes residencies, 1936-37, under 
Dickinson Richards, M.D., and André Cournand, 
M.D., Nobel Prize winners for research 
catheterization. Dr. Chamberlain was member 
the nation’s first team explore the heart’s 
interior with the procedure that has 
had such profound effect the development 
today’s brilliant epoch heart surgery. 1938-39, 
was Research Fellow Cardiology and in- 
the Graduate School Harvard Uni- 
versity, and, from 1939 1946, was full time 
teacher charge the Heart Clinie and Electro- 
Laboratory the University 
California Medical School. 

member the Board Directors the 
California State Medical Association, Dr. Cham- 
berlain also member the San Francisco 
Society, the California Academy Medi- 
cine, and the Western Society for Clinical Researen. 
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AMERICAN HEART ASSOCIATION, INC. 


East 23rd Street, New York 10, 


Telephone Gramercy 7-9170 


LEADING ROLE PHYSICIANS 

WILL HELP HEART FUND DRIVE 

The 1959 Heart Fund campaign through- 
out the month February will aided 
hundreds physicians who will again play 
leading role bringing the American 
people the facts concerning cardiovascular 
diseases and the Heart 
grams research, edueation and community 
service. 

With final national 1958 Heart Fund 
total $22,345,718, the 1959 national objec- 
tive has been set $24,000,000. More than 
half the 1958 income received the Na- 
tional Office the Association will allo- 
cated research through grants-in-aid and 
the support fellowships 
ships. addition, substantial portion 
the funds retained local Heart 
tions will channeled into scientific research. 
Approximately $35,400,000 has been allocated 
for research support national, state and 
local Heart Associations since the Association 
became national voluntary health 
ago. 

Paul Dudley White, M.D., Boston, will 
serve 1959 Honorary National Campaign 
Co-Chairman, with Mrs. Dwight 
hower serving Honorary National Cam- 
paign Chairman. Both served the same 
capacity for the 1958 Heart Fund. Charles 
Perry Baltimore, outstand- 
ing national business and civie leader, will 
again lead the drive National Campaign 
Chairman. 

Heart Sunday, February 22, the most 
concentrated fund-raising effort will take 
place with estimated million and half 
volunteers representing affiliates and more 
than 350 chapters calling 
bors throughout the nation for contributions. 
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ASSOCIATION’S COUNCILS 
ELECT NEW OFFICERS 

Councils have been elected, follows: 

Council Community Service and Edu- 
cation: Oglesby Paul, M.D., Chicago, Chair- 
man; Herbert Pollack, M.D., New York, Vice 
Chairman both re-elected for two year terms. 

Council Basie Science: Wood, 
M.D., Rochester, Minn., Chairman; Gordon 
Moe, M.D., Syracuse, N.Y., Vice Chair- 
man; Lysle Peterson, M.D., Philadelphia, 
Secretary. 

Council Circulation: Herbert Chasis, 
M.D., New York, Chairman; Kenneth Kohl- 
staedt, M.D., Indianapolis, 
Grace Roth, M.D., Rochester, Minn., 
retary. 

Council Fever and Congen- 
Heart Disease: Currier M.D., 
New York, Chairman; James DuShane, 
Rochester, Minn., Vice Chairman. 

Gerbode, M.D., San Chairman 
William Glenn, M.D., New Haven, 
Conn., 

Hussey, Washington, D.C., Chairman 
M.D., Vice 
Chairman. 

Council High Blood Pressure Research: 
Maynard President; Frank 
Joseph, Vice-President George Merrifield, 
Secretary; Freiberger, Treasurer; and 
Keith Grimson, Chairman, Medical 
visory Board, all Cleveland. 


Adams, Chicago, 


TRANSACTIONS CONFERENCE 
CEREBROVASCULAR DISEASE 
OBTAINABLE BOOK FORM 

The transactions the Conference 
Cerebrovascular Diseases held under the 
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sponsorship the American 
ciation N.J., January 16-18, 
1957, are now available book form. En- 
titled ‘‘Cerebral the 
transactions were published for the Heart 
Association Grune Stratton. 

cation and outline 
ease. This the report commit- 
tee established the Advisory Council for 
the National Institute Neurological Dis- 
eases and Blindness, U.S. Public Health 
Service. 

Irving Wright, M.D., New York, acted 
Chairman the Conference and Clark 
Millikan, M.D., Rochester, Minn., ed- 
itor the transactions. Cost the volume 
$4.00 copy. 


AHA CAREER INVESTIGATOR 
RECEIVES KIMBLE AWARD 


Albert Coons, M.D., Visiting Professor 
Bacteriology and Immunology Harvard 
Medical School and Career Investigator 
the American Heart Association since 1953, 
has been presented with the eighth annual 
Kimble Methodology Research Award for 
cedures the field public health. 

Dr. Coons was cited for developing new 
technique for antibodies with 
fluorescent dye that glows under ultraviolet 
light. This method has made possible 
diagnose more quickly such infectious virus 
diseases measles, mumps, ete. 
has also proved tool for other 
research. 

The award, conferred Dr. Coons the 
Conference State and Provincial Public 
Health Laboratory Directors the American 
Public Health Association St. Louis, in- 
cludes honorarium $1,000 and en- 
graved plaque. 


CARDIOVASCULAR PATHOLOGY 
SLIDES AVAILABLE LOAN 
Sets study slides the sub- 
ject Cardiovascular Pathology have been 
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prepared the Armed Forces Institute 
and now are available loan 
basis physicians. 

The slides, which come sets 100, show 
varied selection routine and rare lesions. 
Selective stains have been used where was 
felt they were indicated might have more 
specific diagnosis. explaining the his- 
tory and microscopic findings each case are 
also preparation accompany the slides. 

Sets slides, which are available, 
may borrowed applying the 
Director, American Registry Pathology 
Armed Forces Institute Pathology, 6825 
Sixteenth Street, N.W., Washington 25, D.C. 


REQUEST THE 
PRACTICING PHYSICIAN 


The Armed Forces Institute Pathology 
interested receiving specimens un- 
usual cardiovascular diseases for its 


tion and for study. Before sending such 
material the Institute, desirable 
inquire how the specimens are 
served and packed. 


SUBSCRIPTION RENEWALS 

Circulation and Circulation Research, official 
professional journals the American Heart 
Association, should made directly through 
Grune Stratton, 381 Fourth Avenue, 
New York 16, N.Y., publisher the journals. 
should renewed this man- 
ner either members non-members the 
Heart Association. 


BOOKLET DIAGNOSIS 
REVISED EDITION 
The Association’s booklet, ‘‘Diagnosis 
Congenital Cardiae Defects General Prac- 
Regina Gluck, M.D., New York, has 
been thoroughly revised and expanded and 
now available physicians through their 
Heart Associations. The booklet de- 
common congenital and 
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presents briefly the physiology and clinical 
findings and the indications for surgery 
defects that may operable. 


MEETINGS CALENDAR 

January 22-24: American Federation for 
Research, Southern Section, New Orleans. Ellard 
Yow, Baylor University College Medicine, 
Houston 25, Tex. 

January 28-29: American Federation for Clinical 
Research, Western Section, Carmel, Calif. 
Richard Havel, University California Medi- 
eal Center, San 22, Calif. 

March 17-19: National Health Council, 
Philip Ryan, 1790 Broadway, New York 19, 

April 6-9: American Academy General Practice, 
San Mae Cahal, Volker 
Brookside, Kansas City 12, Mo. 

April 20-24: American College Physicians, 
Chicago. Loveland, 4200 Pine Street, 
Philadelphia Pa. 

May 3-4: American Society for Clinical Investiga- 
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tion, City. Farber, 550 First 
Avenue, New York 16, N.Y. 

May 5-6: Association American Physicians, 
Atlantie City. Paul Beeson, Yale University 
School Medicine, New Haven 11, Conn. 

May 26-29: College Cardiology, 
Philadelphia. Philip Reichert, 480 Park Avenue, 
New York 22, N.Y. 

June 3-7: American College Chest Physicians, 
Atlantie City. Murray Kornfeld, Chest- 
nut Street, Chicago 11, 

June 8-12: American Medical Association, 
City. Blasingame, 535 Dearborn 
Street, Chicago 10, 


ABROAD 


February 19-21: Central Association, 
Montreal, Canada. MeLachlin, Victoria 
Hospital, London, Ontario, Canada. 

July 27-30: Shaio Foundation Symposium Car- 
Diseases, Bogota, Colombia. Alberto 
Vejarano-Laverde, Carrera 13, Bogota- 
Colombia. 
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M.D. 


Senior Consultant Medicine, Mayo 


Rochester, Minn. 


BANERJEE, M.D. 
Registrar, Sawai Man Singh Hospital and 
College, Jaipur, India. 


Bane, M.D. 
Cardiology Resident, Memorial Center; Research 
Fellow, Sloan-Kettering Institute, New York, N.Y. 


GUNNAR M.D. 
General Hospital, Mariestad, Sweden. 


Best, C.B.E., M.D., D.Sc., 

Department Physiology and Banting and Best 

Department Medical Research, University 

Toronto, Toronto, Ontario, Canada. 


Boyer, M.D. 
Associate Professor Radiology, The Hahnemann 
College and Hospital Philadelphia, 
Philadelphia, Pa. 


Frank M.D. 
Assistant Professor Radiology and Research 
Assistant Medicine, Strong Memorial Hospital 
the University Rochester School Medicine 
and Dentistry, Rochester, N.Y. 


M.D. 
Chief, Section Clotting Mechanisms the Divi- 
sion Metabolism and Enzyme Studies, Sloan- 
Kettering Institute; Associate Professor, Clinical 
Surgery, Cornell University Medical College, New 
York, N.Y. 


ALVIN M.D. 
Assistant, Memorial Center; Research Fel- 
low Sloan-Kettering Institute; Instructor 
Medicine, Cornell University Medical College, New 
York, N.Y. 


RAYMOND GRAMIAK, M.D. 
Instructor Radiology, Strong Memorial Hospital 


the University Rochester School Medicine 
and Dentistry, Rochester, N.Y. 


CONTRIBUTORS THIS ISSUE 


Officer-in-Charge, Cardiopulmonary Function Lab- 
oratory, U.S. Naval Hospital, Portsmouth, Va. 


Professor and Chairman the Department 
Pathology, Washington University School Medi- 
cine, St. Louis, Mo. 


Hans M.D. 
Viko Professor Cardiology, University 
Utah College Medicine, Salt Lake City, Utah. 


M.D. 
Chief Resident, Pathology Department, Memorial 
Center, New York, N.Y. 


M.D. 


Keminska Institutionen, Karolinska Institutet, 
Stockholm, Sweden. 


Joun M.D. 


Chief Cardiology Department, Memorial Center 
Associate Professor Clinical Medicine Cornell 
University Medical College, New York, N.Y. 


LEHMAN, M.D. 


Professor Radiology, The Hahnemann Medical 
College and Hospital Philadelphia, Phila- 
delphia, Pa. 


JORGEN LEHMANN, M.D., 


Centrallaboratoriet, Sahlgrenska sjukhuset, 
borg, Sweden. 


M.D. 


Resident Surgery, The Hahnemann 
Medical College and Hospital Philadelphia, 
Philadelphia, Pa. Research Fellow, National Heart 
Institute, Bethesda, Md. 


Department Biochemistry, College 
ture, University Wisconsin, Madison, Wis. 


Jay M.D. (DECEASED) 


Ovip M.D. 


Department Medicine, University Wisconsin 
Madison, Wis. 
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M.D. 
Attending Staff, Miami Heart Institute, Miami 
Beach; Associate Clinical Professor Medicine, 
University Miami Medical School, Miami, Fla. 


M.D. 
Clinical Assistant, Memorial Center; Research Fel- 
low Sloan-Kettering Institute; Instructor 
Medicine, Cornell University College, New 
York, N.Y. 


ARMAND Quick, M.D., 
Department Biochemistry, Marquette University 
School Medicine, Milwaukee, Wis. 


Ramsey, M.D. 
Professor Radiology, Strong Memorial Hospital 
the University Rochester School Medicine 
and Dentistry, Rochester, N.Y. 


M.D. 
Clinical Assistant, Memorial Center; Research Fel- 
low Sloan-Kettering Institute; Instructor 
Medicine, Cornell University College, New 
York, N.Y. 


CONTRIBUTORS THIS ISSUE 


D.T.M. 
Additional Professor Medicine, Sawi Man Singh 
Hospital and Medical College, Jaipur, India. 


THomas, M.D. 
Professor Pathology, Washington 
University School Medicine, St. Louis, Mo. 


Lecturer Radiology, Strong Memorial Hospital 
the University Rochester School Medicine 
and Dentistry, Rochester, N.Y. 


Lovis M.D. 
Visiting Physician and Head 
graphie Laboratory, Beth Hospital; Assist- 
ant Clinical Professor Medicine, Harvard Medi- 
eal Sehool, Boston, Mass. 


M.D. 
Professor Clinical Medicine, Cornell University 
College, New York, N.Y. 


Harry M.D. 


University Hospital for Women, Haartmansgatan 
2.B, Helsinki, Finland. 
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why all the fuss 
over potassium? 


Many physicians will recall when safe but 
potent organomercurials were first intro- 
duced. the time there was considerable 
worry about possible potassium loss. Pa- 
tients were instructed take foods rich 
this mineral, and not infrequently potas- 
sium supplements also were advised. After 
enough experience was gained, became 
evident that only the exceptional case could 
lose enough potassium concerned 
about. And with oral organomercurial diu- 


retics this was practically never problem. 


Why revive the subject now? Because 
clinical experience with nonmercurial diuretics indicates most them have such 


specific effect potassium that with their use very real problems must faced. Enough 
potassium loss can lead digitalis toxicity classical overt hypopotassemia. Since 
fair percentage cardiacs who receive diuretics are also digitalized, this excess potassium 
excretion clinically serious. Clinical experience still too limited with some nonmercurial 
diuretics say just how often such loss will occur—but warnings already have been 


sounded some clinical investigators the need for potassium supplementation. 


Experience many patients, for many years, demonstrates that potassium loss never 


problem when NEOHYDRIN® the oral diuretic. And there refractoriness this 
effective oral organomercurial. 
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